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DIRECTOR  NOTES 


National  Defense* reports  a budget  request  of  $2.7  billion  for  test  and  evaluation  of 
weapons  systems  during  fiscal  year  1978.  Lt.  Gen.  Walter  E.  Lotz,  Jr.,  USA.  (Ret.), 
Deputy  Director  of  Defense  Research  and  Engineering,  Test  and  Evaluation,  de- 
scribes this  money  as  a good  investment.  This  opinion  was  given  in  his  report  to 
Congress  and  in  his  keynote  address  at  the  1977  Annual  lES  Meeting**.  I agree 
with  Gen.  Lotz.  Test  and  Evaluation  is  an  insurance  policy  we  cannot  afford  to 
drop. 

Testing  insures  confidence  provided  we  can  have  confidence  in  the  information 
provided  by  the  tests.  It  is  mandatory,  then,  that  we  establish  test  requirements 
on  a sound  realistic  basis  and  that  our  procedures  for  performing  the  test  and 
controlling  the  input  be  standardized  to  insure  repeatability  from  laboratory  to 
laboratory.  No  one  knows  better  than  those  of  you  who  perform  shock  and  vibra- 
tion tests  the  difficulty  in  doing  this.  In  spite  of  our  difficulties,  I am  encouraged 
by  the  progress  that  has  been  made.  We  have  come  a long  way  toward  consistency 
of  tests. 

I have  previously  referred  to  the  excellent  effort  on  the  part  of  the  lES  and  others 
in  working  with  the  government  to  establish  an  effective  approach  to  testing. 
Recently  I described  the  useful  study  of  a Defense  Science  Board  Task  Force  on 
specifications  and  standards.  From  both  government  and  industry  the  problems 
are  being  attacked  with  a new  vigor.  Let's  keep  up  the  good  work.  By  doing  so  we 
can  make  our  test  programs  more  realistic  and  cost-effective,  and  we  can  have  more 
confidence  in  our  decisions  based  on  the  results. 


H.C.P. 


*F.O.  DuPre,  "Missiles  and  Astronautics,"  National  Defense  ■ J.  of  the  American 
Defense  Preparedness  Assoc.  (July/Aug  1977). 


W.E.  Lotz.,  Lt.  Gen.  USA  (Ret.),  "Dept,  of  Defense  Test  and  Evaluation  Policy," 
J.  of  Environmental  Sciences  (July/Aug  1977).  i'CCRsiofTf 
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EDITORS  RAHLE  SPACE 


National  Bureau  of  Standards:  A Declining  Resource 

It  is  unfortunate  that  a resource  such  as  the  U.S.  National  Bureau  c'  Standards 
(NBS)  should  decline  due  to  lack  of  funds.  According  to  a recent  article  in  Science 
magazine*,  a seemingly  endless  number  of  new  responsibilities  have  been  thrust 
upon  the  NBS  while  funding  has  not  changed  appreciably.  In  fact,  the  NBS  has 
lost  personnel  because  of  inflationary  demands  on  their  budget.  To  quote  Science: 
"In  recent  years.  Congress  has  made  increasing  demands  on  the  technical  expertise 
at  NBS.  It  has  passed  15  laws  since  1965  giving  the  bureau  new  assignments.  But 
during  that  time  NBS  has  had  a constant  budget  despite  inflation  and  has  had  to 
reduce  the  number  of  its  employees  from  3,163  permanent  full-time  workers  to 
3,055.  The  result,  say  NBS  administrators,  is  that  the  bureau  is  no  longer  able  to 
fulfill  its  functions".  Although  development  and  maintenance  efforts  aimed  at 
measurement  standards  have  not  entirely  collapsed,  such  efforts  have  been  reduced 
on  standards  crucial  to  regulatory  agencies,  consumers,  and  industries. 

NBS  has  had  to  withdraw  from  national  and  international  standards  activities 
involving  shock  and  vibration,  however:  at  one  time  the  USA  (NBS)  held  the 
Secretariat  for  ISO  TC  108/SC3  - Shock  and  Vibration  Measurements.  This  Secre- 
tariat is  now  operated  by  Denmark.  NBS  personnel  no  longer  particpate  in  com- 
mittee work  involving  standardization  of  shock  and  vibration  measurement  tech- 
niques and  equipment.  It  also  appears  that  NBS  efforts  on  calibration  and  instru- 
ment research  have  been  seriously  curtailed. 

What  does  this  mean  to  the  American  public?  Regulatory  agencies  and  commerce 
require  technically  sound,  clearly  defined  standards,  so  that  comparisons  of  goods 
and  applications  of  regulations  will  be  fair  and  consistent.  Without  a strong  NBS 
we  can  expect  chaos  in  trade  and  regulation.  No  amount  of  confining  legislation 
can  make  up  for  a lack  of  basic  standards. 

R.L.E. 


'"National  Bureau  of  Standards:  A Fall  from  Grace,"  Science,  197  14307),  pp  068-970  (Sept  2, 
1977). 
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A COMPARISON  OF  TECHNIQUES  AND  EQUIPMENT  FOR  GENERATING  VIBRATION 


W,  Tiutin  * 


Abstract  - This  article  reviews  the  following  shaker 
types:  mechanical,  electrohydraulic,  electromagnetic, 
and  pneumatic.  Vibroacoustic  facilities  are  also  men- 
tioned. 

This  review  considers  practical  techniques  for  gener- 
ating vibratory  force  and/or  motion  for  determining 
the  natural  frequencies  f^  and  modal  responses 
of  structures  and  for  assessing  the  ruggedness  and 
reliability  of  equipment.  Most  equipment  and  tech- 
niques mentioned  in  this  review  were  developed  for 
the  aerospace  industry  but  are  being  successfully 
used  in  other  industries.  The  types  of  shakers  de- 
scribed in  this  article  are  mechanical,  electrohydrau- 
lic, electromagnetic,  and  pneumatic.  Acoustic  test 
facilities  are  discussed  in  some  detail.  Current  devel- 
opments and  practical  limitations  of  each  type  are 
mentioned.  Information  about  the  complex  controls 
needed  for  electrohydraulic  and  electromagnetic 
shakers  and  vibration  analysis  is  not  included. 


Figure  1.  An  Early  Shaker 


* Tuttin  InttituM  of  Technologv,  Inc. 
Santa  Ba«t>ara,  CA  03106 


MECHANICAL  SHAKERS 

The  earliest  practical  shakers  were  "brute  force" 
or  "direct  drive"  machines  (see  Fig.  1).  Variable- 
ratio  pulleys  allowed  variable  shaft  speed.  Rotation  of 
a shaft  attached  to  a table  is  converted  by  a cam  or 
yoke  to  variable  forcing  frequency,  f^,  reciprocating 
motion.  The  test  load  is  attached  to  the  table.  The 
variable  forcing  frequency  can  be  adjusted  during 
a test,  but  the  test  must  be  stopped  to  adjust  the 
peak-to-peak  displacement,  or  stroke,  D.  The  gen- 
erated force,  F,  is  calculated  by 

F = MA 

M is  the  total  mass  of  vibrating  parts  (load  any 
attachment  fixture  + the  table).  A is  the  peak  or 
vector  acceleration  in  gravitational  units.  It  is  calcu- 
lated by 

A-O.OSIIff^D 

if  double  amplitude  or  peak-to-peak  displacement, 
D,  is  given  in  inches,  or  by 

A •=  0.00202ff2D 

if  D is  given  in  millimetres. 

Depending  upon  the  total  mass  M,  F may  exceed 
the  strength  limitations  of  the  shaker  and  cause 
damage.  By  contrast,  with  reaction  mechanical  shak- 
ers (see  Fig.  2),  electrohydraulic  shakers,  and  electro- 
magnetic shakers,  F is  limited:  the  available  accel- 
eration A varies  inversely  with  the  total  mass,  as 

_F_ 

With  the  reaction  shaker,  contra-rotating  masses, 
locked  in  phase,  spin  at  the  variable  forcing  fre- 
quency. The  generated  force  F can  be  calculated  by 
F > Mrw  , where  r is  the  fixed  radius,  u is  the 
angular  velocity,  and  M is  the  unbalance  mass. 
Most  such  shakers  must  be  stopped  in  order  to  reset 
M. 


S 


Reaction  shakers  cost  more  than  direct  drive  ones, 
but  are  generally  capable  of  attaining  higher  frequen- 
cies and  have  a waveform  with  less  harmonic  dis- 
tortion. Further,  reaction  shakers  are  easy  to  install 
because  the  vibrations  transmitted  to  the  base  are 
small,  by  contrast,  most  direct  drive  shakers  are 
attached  to  heavy  reaction  masses  which  in  turn  are 
supported  by  rubber  or  springs. 


Figure  2.  A Reaction  Shaker 

The  principal  advantages  of  mechanical  shakers, 
as  opposed  to  electrohydraulic  and  electromagnetic 
ones,  are  their  low  initial  cost,  ease  of  installation, 
and  operating  simplicity.  They  are  also  reliable  ~ 
hundreds  of  hours  of  continuous  or  intermittent 
vibration  testing  are  possible  --  and  are  available  in 
a number  of  models  that  fit  environmental  chambers. 
Finally,  because  no  feedback  loops  exist  as  with 
electrohydraulic  and  electromagnetic  shaker  systems. 
The  load  on  a mechanical  shaker  affects  its  own  vibra- 
tion environment. 

Mechanical  shakers  do  have  limitations,  however 
little  vibratory  force  is  developed  at  low  frequencies, 
they  are  limited  to  about  100  Hz  by  inevitable  loose- 
ness between  parts  which  becomes  troublesome  as 

A A 

D • or 

0.051  If^^Q  O.OOTOlff^D 

becomes  small,  particularly  at  small  force  settings. 
With  the  direct  drive  type,  second  harmonic  distor- 
tion is  particularly  strong;  gears,  belts,  and  other  mov- 
ing parts  generate  considerable  unwanted  high  fre- 


quency force  and  motion.  And  until  recently,  me- 
chanical shakers  generated  only  nominally-sinusoidal 
waveforms:  manufacturers  of  mechanical  shakers  are 
currently  striving  to  overcome  this  limitation.  In  the 
Rotocon  shaker  [1,  2],  for  example,  a series  of 
hammers  is  attached  to  a 3,000  RPM  rotating  ele- 
ment. The  hammers  strike  an  anvil,  to  which  is  at- 
tached the  test  item.  The  resulting  force  and  motion 
have  a line  (as  opposed  to  a continuous)  spectrum 
extending  from  50  to  more  than  10,000  Hz.  Military 
avionics  organizations  have  encountered  premature 
in-service  failures  [3] , and  earlier  reliability-demon- 
stration tests,  utilizing  sinusoidal  vibration,  have  not 
identified  the  weaknesses.  It  has  been  recognized 
[3, 4]  that  random  vibration  occurs,  often  in  combin- 
ation with  temperature  and  stresses  [5] . 

ELECTROHYDRAULIC  SHAKERS 

The  tremendous  available  dynamic  force 
F = PA 

(P  represents  oil  pressure  and  A represents  piston 
area)  available  from  hydraulic  actuators  makes  them 
attractive  for  generating  vibration.  Electrohydraulic 
shakers  have  been  available  since  the  mid  1950s, 
when  actuators  were  combined  with  fast-acting 
electronic  servo  valves.  Figure  3 shows  the  major 
elements  of  a complete  system;  for  sinusoidal  vibra- 
tion tests  the  input  signal  is  taken  from  a signal 
oscillator.  The  input  signal  can  also  be  taken  from  a 
tape  playback  when  some  previously-recorded  vibra- 
tion is  to  be  reproduced  [61  or  from  a noise  gener- 
ator in  order  to  synthesize  random  vibration  [7] . 
Either  line  or  continuous  spectra  can  thus  be  gen- 
erated. 

Figure  4 shows  a load  attached  via  a table  (often  omi^ 
ted)  to  the  pjston.  High-pressure  oil  (typically  a 
net  2,(XX)  Ib/in.  ) is  passed  to  one  side  of  the  piston 
and  then  to  the  other.  An  electromagnetic  (electro- 
dynamic) driver  unit  and  a power  valve  or  hydraulic 
amplifier  are  used.  Typical  piston  strokes  are  4 to  6 
in.,  although  some  - usually  those  intended  for 
higher-frequency  testing,  to  perhaps  200  Hz  - are 
only  1 in.  (the  maximum  known  to  the  author  is 
20  ft  (8) ).  The  low-frequency  limit  of  electrohy- 
draulic shakers  is  usually  zero. 


Figure  3.  Elements  of  an  Electrohydraulic  Shaker 


Force,  and  thus  acceleration,  are  lin.ited  by  pressure 
and  piston  area.  Peak  or  vector  velocity  may  be  lim- 
ited by  insufficient  hydraulic  supply  flaw  or  by 
insufficient  opening  of  the  power  valve. 

Waveforms  are  generally  considered  to  be  better  than 
those  from  mechanical  shakers  but  are  not  as  free  of 
harmonic  distortion  as  the  electromagnetic  shakers 
discussed  below. 

Because  the  generated  force  is  usually  many  times 
greater  than  shaker  mass,  a heavy  reaction  mass  is 
necessary  if  much  vibratory  force  is  to  be  introduced 
into  a large  structure.  When  the  test  load  can  be 
brought  to  the  shaker,  as  in  an  environmental  testing 
laboratory,  a heavy  reaction  mass  is  no  problem. 
When  shakers  are  taken  to  a large,  fixed  structure,  the 
mass  is  a complicating  factor,  others  include  high 
pressure  oil  hoses,  which  tend  to  be  stiff  and  awk- 
ward, and  cooling  the  oil. 

Four  or  more  laboratory  electrohydraulic  shakers  are 
often  connected  to  large  loads;  e.g.,  truck.  Sometinnes 
the  shakers  vibrate  an  intermediate  platform  (table) 
on  which  the  load  rests,  as  in  transportation  or 
earthquake  simulation.  The  shakers  usually  vibrate 
horirontally  or  vertically,  but  they  can  be  set  at  an 
intermedia  angle  so  that  the  resulting  motion  has 
both  vertical  and  horizontal  components.  Sometimes 


vertical  and  horizontal-acting  shakers  drive  a common 
load  via  hydrostatic  spherical  couplings  [9].  Multiple 
shakers  may  be  driven  by  a common  electronic 
signal  source  or  by  separate  signal  sources. 


Figure  4.  Electrohydraulic  Shaker  with  Test  Load 
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An  interesting  electrohydraulic  shaker  application  is 
the  simulation  of  earthquake  forces  and  motions  over 
continuous  spectra,  perhaps  0.5  to  50  Hz,  with  the 
greatest  vibratory  energy  at  6 to  10  Hz  (10] . A porta- 
ble electrohydraulic  shaker  system  has  been  used  in 
destructive  resonant  dwell  tests  on  a concrete  build- 
ing [11].  Kao  [12]  has  reported  on  laboratory 
earthquake  simulation,  both  single  and  two-axis, 
using  electrohydraulic  shakers. 

An  electrohydraulic  shaker  has  been  used  to  simulate 
shipboard  gun  blast  shocks  on  racks  of  electronic 
equipment  [13] . A MIL-S-901  medium  weight  shock 
test  machine  could  have  been  used  for  these  tests. 
The  hammer  drop  height  could  have  been  reduced 
because  about  1/20  the  normal  shock  intensity  was 
desired.  Many  shocks  were  needed  to  simulate  repeti- 
tive shocks  on  shipboard  resulting  from  firing  the 
ship's  guns.  An  electrohydraulic  shaker  rated  at 
50,000  lb  force,  1 in.  stroke,  and  17  in. /sec  velocity 
was  used.  The  shock  response  spectrum  was  to  cover 
10-500  Hz.  The  load,  consisting  of  electronic  assem- 
blies, was  mounted  via  isolators  into  a rack.  The  rack 
in  turn  connected  to  a slip  plate  driven  by  the  shaker. 
One  advantage  of  the  electrohydraulic  shaker  was 
that  shock  tests  could  immediately  follow  Af//. -S-/67 
4-33  Hz  sinusoidal  vibration  tests,  with  no  delay  for 
transferring  to  a shock  test  machine  and  no  need  for 
an  additional  test  fixture.  Electrohydraulic  shakers 
have  been  used  to  simulate  road  inputs  to  heavy 
trucks  [ 14] . 


flux  passes  through  a cast  steel  body  and  across  a gap 
in  which  the  driver  coil  is  located.  Alternating  current 
(AC)  at  the  vibration  test  forcing  frequency  flows  in 
that  coil,  and  the  developed  force  F is  proportional 
to  current  magnitude  1.  The  magnetic  flux  is  gener- 
ated by  permanent  magnets  - in  the  case  of  shakers 
with  developed  force  to  100  pounds,  or  440  new- 
tons - or  by  direct  current  (DC)  flowing  in  field  coils, 
as  shown  in  the  figure,  on  larger  shakers.  Current  flow 
generates  1 R losses,  and  heated  air  is  blown  out  as 
shown  or  sucked  out,  either  by  a fan  mounted  on  the 
shaker  or  at  the  end  of  a duct.  Many  shakers  utilize 
oil  or  distilled  water  for  heat  removal. 


Figure  5.  An  Electromagnetic  Shaker 


Most  mechanical  and  electromagnetic  shakers  have  a 
table  for  attachment  of  the  test  load  either  directly 
or  by  some  form  of  fixture  [15].  However,  electro- 
hydraulic shakers  usually  have  only  a threaded 
shaft  connection.  A table  can  be  purchased  or  built 
with  a fixture,  which  is  threaded  onto  the  shaker 
shaft. 

The  shaft  can  pass  through  the  floor  or  wall  or  an 
environmental  chamber  so  that  test  loads  can  receive 
several  environmental  stresses  simultaneously;  the 
shaker  is  outside. 


ELECTROMAGNETIC  SHAKERS 

Electromagnetic  shakers  (see  Fig.  5)  are  also  called 
electrodynamic  shakers,  probably  because  of  their 
similarity  to  electrodynamic  loudspeakers.  Magnetic 


Around  1960  combined  environment  tests  utilized 
liquid-cooled  electromagnetic  shakers  inside  environ- 
mental test  chambers,  so  that  test  loads  could  be 
close-coupled  to  shaker  tables  (necessary  for  testing 
to  2,000  Hz).  However,  in  most  laboratories  today 
the  shaker  is  outside  the  chamber,  and  the  test  load 
is  connected  through  the  chamber  wall  or  floor  by 
a table  extender. 

Not  shown  in  Figure  5 are  the  AC  electrical  connec- 
tions to  the  usual  multi-turn  driver  coil.  These  leads 
are  a hazard  to  operational  reliability  and  have  been 
eliminated  in  one  current  high-reliability  design,  in 
which  high  AC  currents  are  induced  by  a transformer 
into  an  aluminum  sheet  single  turn  coil.  Also  missirtg 
from  Figure  5 are  provisions  for  shielding  test  loads 
against  potentially  harmful  stray  AC  and  DC  mag- 
netic fields.  The  flexures  that  constrain  motion  to  a 
straight  line  are  not  shown. 
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The  signal  source  may  be  a sinusoidal  oscillator, 
tape  playback,  random  noise  generator,  or  any 
combination  of  the  preceding,  depending  upon  the 
type  of  force  or  motion  desired.  Considerable  power 
amplification  is  required,  up  to  150  kilowatts  for  the 
larger  shakers  having  force  ratings  above  30,000 
pounds.  Solid-state  power  amplifiers  offer  many 
advantages  over  earlier  power-tube  types. 

Electromagnetic  shakers  respond  to  AC  current  of 
any  frequency  to  zero,  but  not  all  power  amplifiers 
will  deliver  extremely  low  frequencies.  The  high- 
frequency  limit  is  usually  somewhat  below  one 
of  the  table/coil  assembly's  natural  frequencies. 
The  natural  frequencies  should  be  avoided  because 
table  oil-canning  or  diaphragming,  at  which  the  mo- 
tion at  the  center  of  the  table  is  perhaps  50  times 
greater  than  that  at  the  edges;  and,  axial  resonance, 
in  which  the  table/coil  assembly  alternately  lengthens 
and  shortens  distort  results. 

The  waveform  of  electromagnetic  shakers  has  less 
distortion  than  does  that  <fcf  other  types.  This  is  an 
advantage  for  sinusoidal  vibration  tests,  for  deter- 
mining the  natural  frequencies  and  modal  responses 
of  structures,  and  for  calibrating  such  motion-sensing 
transducers  as  accelerometers. 

Electromagnetic  shakers  range  in  size.  Small  ones  that 
can  be  carried  by  a man  are  favored  for  exciting 
large,  fixed  structures.  Sometimes  several  such 
shakers  vibrate  at  the  same  forcing  frequency.  Single 
large  units  used  to  generate  peak  or  vector  sinusoidal 
forces  to  30,000  pounds  are  used  to  vibrate  large 
avionics  packages  and  missile  nose  cones  to  50  g 
or  greater  accelerations  and  to  frequencies  of  500 
Hz  and  above.  Because  the  generated  force  is  usually 
less  than  shaker  mass,  elaborate  installations  are 
seldom  needed.  Shakers  are  usually  suspended  near 
and  coupled  to  the  structure  being  investigated. 
Sinusoidal  vibratory  force  and  frequency  are  remote- 
ly controlled,  and  the  structure's  responses  are  ob- 
served and  analyzed. 

The  peak-to-peak  displacement  is  limited  by  the 
length  of  the  magnetic  gap,  the  length  of  the  AC 
coil,  and  flexures.  Peak-to-peak  displacements  of  1 in. 
are  most  common,  but  can  reach  6 in.  Force  limita- 
tions can  be  caused  by  insufficient  power  amplifier 


current  or  by  heating  the  shaker;  and  that  these  will 
limit  available  acceleration  according  to 


M is  the  total  moving  mass,  including  the  coil,  table, 
any  adapting  fixture  needed,  and  the  test  load.  Some 
manufacturers  offer  150  g on  light  loads.  Velocity 
limits  may  be  caused  when  insufficient  voltage  is 
available  to  the  AC  driver  coil  from  the  power  ampli- 
fier. Shaker  velocity  limits  of  70  in. /sec  will  meet 
most  test  specifications. 

A relatively  recent  application  for  small,  highly  por- 
table electromagnetic  shakers  has  been  to  determine 
the  natural  frequencies  and  modal  responses  of  a 
variety  of  loads  - from  flight  structures  to  nuclear 
power  plant  equipment  and  structures  [16] . 

PNEUMATIC  SHAKERS 

/kir-driven  vibrators  [4]  are  an  inexpensive  and  re- 
liable way  to  generate  motions  and  forces  if  pure 
sinusoidal  motion,  flat  random  spectra,  and  reproduc- 
tion of  magnetic  tapes  are  not  necessary.  The  driving 
units  can  be  adapted  from  the  pneumatic  vibrators 
often  employed  by  industry  to  move  bulk  materials 
or  to  release  entrapped  gasses  from  castings.  Pistons 
alternately  strike  cylinder  ends,  creating  repetitive 
shock  impulses  having  line  spectra.  Such  motion  and 
force  spectra  can  simultaneously  excite  all  the  re- 
sponse modes  of  an  electronic  assembly,  thereby 
causing  failures  of  poorly-soldered  connections  and 
interference  from  bits  of  wire  and  loose  screws. 

Because  more  realistic  reliability  demonstration  tests 
on  avionics  units  and  on  airborne  missiles  during  their 
captive  flight  stage  have  been  sought,  several  labor- 
atories are  utilizing  pneumatic  shakers.  One  longi- 
tudinal and  eight  radial  General  Dynamics/Pomona 
shakers  have  been  reported  to  deliver  6 to  14  RMS 
vibration  (at  different  missile  locations)  at  frequen- 
cies up  to  5,000  Hz  (17) . Varying  the  air  pressure  at 
about  7 Hz  modulates  the  spectral  lines:  the  internal 
response  spectra  are  fairly  continuous,  with  a shape 
approximating  the  responses  noted  during  flight 
tests.  The  amplitude  distribution  is  some\what  Gaus- 
sian. The  repetition  rate  is  30  to  120  impacts/second. 
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ACOUSTIC  SOURCES 

All  the  shakers  described  in  this  review  generate  force 
mechanically  and  couple  it  mechanically  to  test  loads. 
This  approach  is  reasonable  at  low  frequencies 
where  service  vibrations  are  generated  and  transmit- 
ted mechanically.  However,  the  vibration  path  of 
high-performance  aircraft  and  missiles  is  not  exclu- 
sively mechanical.  Rather,  air  is  an  important  part 
of  the  transmission  path.  It  would  thus  seem  logical 
for  high-frequency  tests  to  utilize  intense  sound 
(airborne  vibration),  rather  than  shakers,  in  order  to 
generate  vibratory  responses  of  avionic  and  missile 
internal  parts. 

Eldred  [18]  has  written  about  large  scale  vibro- 
acoustic  facilities  in  the  U.S.  and  the  reasons  for 
preferring  acoustic  tests.  Murray  [19]  described  the 
design,  construction,  instrumentation,  and  usage  of 
the  large  Wyle  chamber  at  Huntsville,  Alabama. 
The  NASA  facility  at  Houston  has  also  been  de- 
scribed [20] , as  has  the  acoustic  energy  needed  to 
conduct  vibration  tests  at  NASA  Houston  [21], 
At  the  launch  phase  simulator  at  NASA-Goddard, 
temperature  and  altitude  extremes  and  vibration  and 
noise  act  on  a specimen  being  spun  on  a centrifuge 
[22], 

Most  facilities  employ  high-velocity  flow  of  vast 
quantities  of  nitrogen  gas  or  air.  Flow  is  modulated 
by  fast-acting  valves  driven  either  electromagnetically 
(similar  to  Fig.  5)  or  electrohydraulically  (similar 
to  Fig.  4).  Valves  are  generally  activated  by  random 
noise  generators  and  suitable  power  amplifiers  in 
order  to  create  a flow  containing  all  desired  test 
frequencies  in  a continuous  spectrum.  Equalizers 
permit  the  spectrum  to  be  shaped  as  desired.  Slusser 
[23]  has  described  the  JPL/Pasadena  facility,  particu- 
larly the  digital  controls. 

After  the  gas  passes  through  the  valves,  it  expands 
through  a horn  that  opens  into  the  test  chamber, 
in  which  the  test  load  is  supported.  The  chamber 
must  be  large  in  order  to  develop  high  intensity  at 
low  audio  test  frequencies.  Unfortunately,  large 
chambers  require  much  acoustic  power  in  order  to 
develop  high  acoustic  pressures  as  specified  for  many 
tests.  A simpler,  less  expensive  approach  utilizes 
up  to  35  complex  sirens  to  modulate  air  flow  and  to 
produce  as  many  as  35  pure  or  narrow  band  tones, 
fixed  or  sweeping.  By  sweeping  the  band  tones  at 
different  rates,  broadband  sound  is  possible.  The 
156,000  cubic  foot  chamber  at  Wright-Patterson  Air 


Force  Base  features  1 x 10®  watts  acoustic  power  and 
intensities  to  170  db  [24] ; 40,000  HP  is  used  for  the 
air  compressor.  Tests  in  the  noise  chamber  have 
also  been  described  [25,  26] . 

One  goal  of  acoustic  tests  is  to  excite  high-frequency 
vibratory  responses  of  exceedingly  small  components 
as,  for  example,  burn  in  tests.  Some  workers  feel 
these  tests  should  be  extended  to  lower  frequencies, 
but  the  large  test  chambers  necessary  are  expensive. 

Most  chambers  are  reverberant,  with  maximum  re- 
flections from  internal  surfaces;  the  design  maximizes 
dispersion  so  as  to  minimize  standing  waves.  Some 
chambers  are  progressive  wave,  rather  than  rever- 
berant. Chamber  design  and  external  acoustic  treat- 
ment minimize  sound  leaks  outside  the  chamber. 
Chambers  are  costly  and  hard  to  relocate.  All  U.S. 
acoustic  testing  facilities  as  of  1975  have  been  sur- 
veyed [27] . 

Everett  [28]  described  combining  noise  and  tempera- 
ture extremes  for  tests  on  Navy  missile  electronics 
sections. 

CONCLUSION 

The  reason  for  this  article  was  the  imminent  increase 
in  random  vibration  testing.  Electrohydraulic  and 
electromagnetic  shakers,  with  their  hydraulic  supplies 
or  large  amplifiers  and  complicated  controls,  are  very 
expensive.  Alternate  methods  are  needed:  and, 
the  merits  of  the  various  methods  should  deal  with 
techniques  and  results. 

In  general,  only  mechanical  shakers  and  pneumatic 
shakers  are  sufficiently  reliable  for  long-term  tests. 
There  are  many  weaknesses  in  electrohydraulic  and 
electromagnetic  shaker  systems;  on  long-time  tests, 
some  laboratories  have  difficulty  in  predicting  whe- 
ther the  shaker  system  or  the  test  item  will  fail  first. 
These  weaknesses  have  been  greatly  improved  be- 
tween 1966  - 1976  by,  for  example,  adopting  solid- 
state  electronic  circuits  in  place  of  vacuum  tube 
circuits.  Further,  electrohydraulic  and  electromag- 
netic shaker  systems,  with  their  highly  complex 
controls  and  powerful  amplifiers,  require  highly 
skilled  and  trained  operators  and  maintenance  per- 
sonnel. Mechanical  shakers  are  not  only  reliable,  but 
they  are  also  inexpensive  to  purchase  and  simple  to 
set  up,  operate  and  maintain. 
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LITERATURE  REVIEW 


survey  and  analysis 
of  the  Shock  and 
Vibration  literature 


The  monthly  Literature  Review,  a subjective  critique  and  summary  of  the  litera- 
ture, consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in 
length.  The  purpose  of  this  section  is  to  present  a "digest"  of  literature  over  a 
period  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the 
DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas.  Review  articles  include  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the 
technical  area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  and 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibration 
field. 

This  issue  of  the  DIGEST  features  review  articles  on  plate  vibrations  by  Dr.  Leissa 
and  flow-induced  vibrations  by  Dr.  Chen. 

Dr.  Leissa  completed  a monograph  on  plate  vibrations  in  1967.  This  article  reviews 
the  technology  for  the  time  period  1973-1976. 

Dr.  Chen  reviews  the  state-of-the-art  of  flow-induced  vibration  of  circular  cylindri- 
cal structures.  He  indicates  areas  where  further  work  is  needed. 


RECENT  RESEARCH  IN  PLATE  VIBRATIONS:  CLASSICAL  THEORY 


A.W.  Lei**.* 


Abstract  - This  paper  is  Part  I of  a two-part  review 
of  literature  published  over  the  period  1973-1976 
that  deals  with  free,  undamped  vibrations  of  plates 
Part  / is  limited  to  problems  governed  by  the  classical 
theory  of  plates  Complicating  effects  is  the  subject 
of  Part  H. 

The  classical  equation  for  the  free,  undamped  vibra- 
tion of  plates  is  given  by 

, 3*w 

DV^w-fp-^  = 0 (1) 

where  w is  the  transverse  displacement  of  a typical 
point  on  the  plate,  D is  the  flexural  rigidity  and  is 
defined  by 

Eh’ 

12(1  - v’) 

E is  Young's  modulus,  h is  the  plate  thickness,  v is 
Poisson's  ratio,  p is  mass  density  per  unit  area  of 
the  plate,  t is  time,  and  = V’V’,  where  V’  is 
the  Laplacian  operator. 

When  free  vibrations  are  assumed,  the  motion  is 
expressed  as 

w = W cos  cut  (2) 

where  w is  the  circular  frequency  and  W is  a funaion 
of  the  position  coordinates.  Substitution  of  equation 
(2)  into  (1 ) yields 

(V*-k^)W-0  (3) 

where  k^  » pw’/D. 

This  review,  like  a similar  review**  published  in  1967 
(IJ , is  divided  into  two  parts  (a)  problems  governed 
by  equation  (1 ) and  appropriate  boundary  conditions 
and  (b)  the  effects  of  such  complicating  factors  as 


anisotropy,  inplane  forces,  variable  thickness,  sur- 
rounding media,  large  (nonlinear)  deflections,  shear 
deformation,  rotary  inertia,  and  material  nonhomo- 
geneity. Each  factor  complicates  equation  (1).  This 
paper  is  a review  of  literature  from  1973  to  1976 
having  to  do  with  problems  governed  by  classical 
theory.  Part  II  will  review  the  recent  literature  dealing 
with  complicating  factors. 

The  material  of  the  various  plates  described  in  Part  I, 
is  assumed  to  be  linearly  elastic.  Structures  formed 
by  connecting  a plate  to  one  or  more  additional 
structural  elements  - i.e.,  beam,  plate,  ring,  shell  - 
are  not  included.  The  second  assumption  creates 
difficulties:  for  example,  should  a circular  plate 
having  a step  change  in  thickness  be  treated  as  a plate 
with  variable  thickness  or  the  combination  of  solid 
and  annular  circular  plates.  Similarly,  edge  beams 
having  mass  are  omitted,  but  the  effects  of  elastic 
edge  constraint  are  included.  The  review  is  not 
limited  to  theory,  experimental  results  are  included 
when  they  can  be  found.  The  literature  search  for  this 
review  was  completed  before  the  end  of  1976,  and 
foreign  references,  especially  those  of  Eastern  Eur- 
ope, are  incomplete. 

CIRCULAR  PLATES 

When  boundaries  are  circular,  it  is  convenient  to 
express  equation  (3)  in  terms  of  p>olar  coordinates 
(r,  6).  Exaa  solutions  can  then  be  found  /iS  (cf.,  [1I ) 

W(r,9)“2  Wn(r)cosnfl  + 

- n-0  (4) 

2 Wn 

n“1 

where  W,,  and  Wq  are  various  types  of  Bessel  func- 
tions. Satisfying  the  usual  boundary  corKfitions  - 
clamped,  simply  supported,  or  free  - yields  second 


*Profat(or  of  Engineering  Mechanics,  Ohio  State  University, 

Columbus,  OH 

**  in  the  year  1067  the  author  completed  the  writing  of  a monograph  digesting  the  literature  of  the  world  dealing  with  free  vibra- 
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order  and  fourth  order  determinants  respectively  for 
solid  and  annular  plates,  the  roots  of  which  are  the 
desired  eigenvalues  (frequencies). 

The  solution  of  circular  plate  vibration  problems  by 
the  classical  procedure  outlined  above  has  been 
carried  out  for  at  least  150  years  (2J . Although  many 
numerical  results  are  available  [1],  a thorough  and 
accurate  numerical  study  of  all  possible  boundary 
conditions  for  solid  and  annular  plates  over  the  range 
of  Poisson's  ratio  remains  to  be  done. 

jones  (3]  devised  a simple  approximate  formula  for 
calculating  fundamental  (i.e.,  lowest)  frequencies  if 
the  static  deflected  shape  of  a uniformly  loaded  plate 
is  known.  Johns  [4]  used  a two-term  solution  for 
static  deflection  shapes  to  evaluate  frequencies  of 
clamped  and  simply  supported  circular  plates  and 
compared  them  with  those  of  Jones  [3] . 

Extensive  experimental  results  for  free  circular  plates 
have  been  obtained  by  Ravenhall  and  Som  [5]  Fre- 
quencies for  the  first  29  modes  of  test  specimens  of 
aluminum,  brass,  and  steel  were  determined,  and  the 
results  were  used  to  obtain  empirical  formulas  for  the 
problem. 

The  case  of  a solid  plate  having  mixed  boundary 
conditions  on  its  edge  has  been  investigated  [6] . 
The  finite  element  method  was  used  to  analyze  plates 
having  a portion  of  the  edge  clamped  and  the  re- 
maining portion  either  simply  supported  or  free. 
Results  were  compared  with  experimental  ones 
obtained  using  laser  holography.  The  partially  clamp- 
ed, partially  free  case  has  also  been  used  [7]  to 
demonstrate  the  method  of  layer  potentials.  Numeri- 
cal results  obtained  for  the  first  four  modes  of  plates 
with  3/8  and  1 /2  of  their  boundaries  clamped  were 
compared  with  exF>erimental  results. 

Various  approximate  methods  have  recently  been 
used  [8]  for  circular  plates  having  clamped,  simply 
supported  or  elastically  supported  (rotational  springs) 
edges.  Extensive  results  for  fundamental  frequencies 
of  elastically  supported  plates  obtained  by  means  of 
Galerkin  method  have  also  been  published  [9) . 
The  problem  was  subsequently  generalized  further 
[10]  to  include  both  rotational  and  translational 
springs  on  the  outer  bourKfary;  clamped,  simply 
supported,  and  free  boundaries  were  special  cases. 
The  Galerkin  method  was  again  used;  only  axisym- 


metric  modes  were  considered.  Although  some  results 
are  available  [11],  much  work  needs  to  be  done  for 
point  supported  circular  plates. 

Finite  elements  have  been  used  [12]  to  analyze  the 
free  vibrations  of  annular  plates.  Numerical  results 
were  obtained  for  the  lowest  axisymmetric  fre- 
quen  .us  of  CC,  CF,  and  SS  annuli  for  0.1  < b/a 
< .5  (.05).  The  first  letter  refers  to  the  inner  bound- 
ary, r=b,  and  the  second  to  the  outer,  r=a;  C,  S,  and 
F identify  clamped,  simply  supported,  and  free 
boundaries,  respectively.  The  results  were  in  good 
agreement  with  exact  results.  The  method  was  also 
demonstrated  on  the  clamped  and  simply  supported 
solid  circular  plates  for  the  fundamental  frequency. 
Experimental  results  for  the  FS  annulus  are  available 
[13]. 

ELLIPTICAL  PLATES 

The  ellipse  is,  of  course,  a generalization  of  the 
circle,  and  all  parameters  which  can  be  present  for 
a circular  plate  - e.g.,  simple  or  mixed  boundary 
conditions,  point  or  intermediate  supports,  internal 
boundaries  ~ can  also  be  present  for  an  elliptical 
one  as  well  as  the  parameter  of  aspect  ratio,  a/b 
(see  Fig.  1 ).  Analytically,  however,  the  ellipse  is  much 
more  formidable.  Although  it  can  be  expressed  in 
terms  of  elliptical  coordinates  and  exact  solutions  of 
the  resulting  transformed  equations  can  be  found  in 
terms  of  Mathieu  functions  [1],  the  expressions 
required  are  unwieldy,  and  the  computation  and 
behavior  of  Mathieu  functions  are  not  as  well  under- 
stood as  those  for  Bessel  functions.  Evaluation  of 
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necessary  functions  or  integrals  along  an  elliptical 
boundary  using  approximate  methods  is  also  relative- 
ly awkward.  For  these  reasons,  and  because  elliptical 
plates  have  far  less  practical  significance  than,  say, 
circular  or  rectangular  ones,  very  little  published 
literature  appeared  prior  to  1965  [1).  In  fact,  the 
number  of  publications  between  1973  and  1976 
equals  all  of  those  before  1965. 

Four  recent  papers  deal  directly  with  the  clamped 
ellipse.  Nayfeh  et  al  [14]  treated  the  problem  as  a 
perturbation  of  the  clamped  circle  in  an  analysis  of 
plates  having  small  ellipticity.  Results  are  presented 
for  the  first  six  modes  for  b/a  ratios  of  0.9  and  0.8. 
Licari  and  Warner  [15]  used  a parameter  differentia- 
tion method,  and  Johns  [4]  used  the  two-term  solu- 
tion for  static  deflection  shapes.  Pneuli  [16]  applied 
a method  that  yielded  lower  bounds  on  the  fre- 
quencies. Simple  algebraic  formulas  expressed  the 
frequency  parameter  as  a function  only  of  the  area 
of  the  plate  (no  explicit  dependence  upon  a/b). 
The  simply  supported  case  was  also  treated. 

The  case  of  the  free  boundary  has  also  received  recent 
attention.  Beres  [17]  used  the  Ritz  method;  25 
terms  of  an  algebraic  polynomial  were  retained  in  a 
careful  analysis  of  the  problem.  Frequenices  and 
nodal  patterns  were  presented  for  21  modes,  and 
direct  comparison  was  made  with  the  classical  experi- 
mental results  of  Mary  Waller  [18].  The  problem 
has  also  been  addressed  by  Sato  [19] , who  used  an 
exact  solution  in  terms  of  Mathieu  functions.  Numeri- 
cal results  of  frequenices  for  the  first  five  doubly 
symmetric  (only)  modes  were  computed  for  1 < a^ 
< 7 and  compared  with  experimental  results. 

Sato  [20]  also  used  the  exact  solution  in  terms  of 
Mathieu  functions  to  investigate  the  vibrations  of 
annular  elliptical  plates,  i.e.,  the  boundaries  were  the 
confocal  ellipses.  Two  problems  were  treated:  both 
boundaries  free  and  clamped  inner  and  free  outer 
boundaries.  Frequency  variation  was  determined  for 
various  ratios  of  the  inner  semiminor  axis  to  the  outer 
semiminor  axis  (bjA)^)  for  the  first  six  doubly  sym- 
metric modes  of  an  ellipse  having  an  outer  boundary 
aspect  ratio  (aoAJo*  1-2;  results  were  with 
those  from  experiments.  A thorough  exposition  of 
nodal  patterns  was  also  given . 

The  case  of  the  annular  ellipse  having  both  bound- 
aries clamped  was  analyzed  by  Ozkul  [21] , who  also 


used  Mathieu  functions.  Numerical  results  were 
obtained  by  two  methods  for  a special  case:  the 
inner  boundary  degenerates  to  a straight  line  joining 
the  two  focii.  Physically,  the  problem  then  becomes 
the  solid  elliptical  plate  clamped  along  an  interior 
line  segment.  A simple  Ritz  solution  was  also  calcu- 
lated for  comparison  when  the  ellipticity  becomes 
zero;  i.e.,  a circular  plate  clamped  at  the  outside  and 
point  supported  at  the  center. 

RECTANGULAR  PLATES 

Twenty-one  combinations  of  simple  boundary 
conditions  - either  clamped,  simply  supported,  or 
free  - are  possible  for  rectangular  plates.  Figure  2 
shows  a representative  case,  a rectangular  plate  having 
the  edges  x=o  and  x=a  both  simply  supported , the 
edge  y=o  clamped  and  the  edge  y=b  free.  For  pur- 
poses of  concise  and  clear  identification,  each  of  the 
21  cases  will  be  denoted  by  four  letters,  abbreviating 
the  conditions  found  on  each  edge,  beginning  with 
x=o  and  preceding  clockwise  around  the  plate. 
Correspondingiy . the  case  shown  in  Figure  2 is  a 
SCSF  plate. 


Figure  2.  SCSF  Rectangular  Plate 

Nondimensional  frequency  parameters,  conveniently 
expressed  as  waVp/D,  do  not  depend  upon  Poisson’s 
ratio  unless  at  least  orte  of  the  edges  is  free.  However, 
because  0 contains  Poisson's  ratio,  the  frequencies 
themselves  depend  upon  v for  all  cases. 

For  the  six  cases  havirtg  two  opposite  sides  simply 
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supported,  exact  solutions  are  available  by  choosing 
Wm(x , y ) = sin/k’-a’  V + cosA*-a’  y 
+ Cm  sinhA’  +a’  y + Dm  coshv^  + o*  yjsin  ax 

(5) 

where  a = m»r/a.  m=l,  2 ...  This  satisfies  the  differ- 
entfal  equation  (3)  as  well  as  the  boundary  conditions 
on  the  edges  x=o  and  a exactly.  Substituting  equa- 
tion (5)  into  the  boundary  conditions  along  y=o  and 
b yields  a fourth  order  characteristic  determinant, 
the  roots  of  which  are  and,  hence,  the  frequencies 

For  the  remaining  15  cases  not  having  exact  solu- 
tions, three  problems  have  received  a great  deal  of 
attention.  The  completely  clamped  case  (CCCC)  is 
frequently  used  as  a test  problem  for  analytical 
methods  because  of  the  simple  boundary  conditions. 
The  cantilever  plate  (CFFF)  has  been  extensively 
studied  because  of  its  practical  engineering  impor- 
tance. The  completely  free  plate  received  early  atten- 
tion, first  as  the  vehicle  by  which  Chladni  [22] 
demonstrated  the  existence  of  nodal  patterns  on 
plates,  and  secondly  as  the  problem  Ritz  [23]  chose 
to  demonstrate  the  application  of  his  now-famous 
direct  method  for  extremizing  a functional. 

Until  recently,  however,  the  remaining  12  cases 
received  little  coverage;  indeed,  very  little  research 
was  done  on  six  of  the  cases  before  1966  [1] . In  a 
useful  piece  of  work  Warburton  [24]  presented 
frequency  formulas  for  the  21  types  of  problems 
derived  by  using  the  Rayleigh  method  with  one-term 
assumed  mode  shapes  which  are  products  of  vibrating 
beam  mode  shapes. 

Comprehensive  Studies  for  Rectangular  Plates 
To  present  in  one  place  reasonably  accurate  results 
for  the  vibration  frequencies  of  the  21  cases,  the 
writer  undertook  the  work  leading  to  reference  [25] , 
exact  results  for  the  six  cases  having  the  opposite 
sides  simply  supported  were  obtained  with  equation 
(5).  Characteristic  equations  that  are  expansions  of 
the  fourth  order  determinants  take  two  forms,  de- 
pending upon  whether  k*-o*  is  positive  or  negative 
in  equation  (5).  Proofs  are  presented  for  the  existence 
or  nonexisterKe  of  eigenvalues  such  that  k*-o*  is 
negative  for  the  six  cases  and,  where  existence  is 
poMible,  the  range  of  existence  is  delineated  For  the 


three  cases  having  modes  symmetric  and  antisym- 
metric with  respect  to  the  line  y=b/2  (SSSS,  SCSC, 
and  SFSF)  simplified  characteristic  equations  are 
presented  for  the  symmetric  and  antisymmetric 
modes  for  k’-o^  both  positive  and  negative. 

Tables  give  the  nondimensional  frequency  parameters 
waVp/D  for  each  of  the  six  cases  over  a range  of 
aspect  ratios  and  their  reciprocals  (a/b  = 2.5,  1.5,  1. 
2/3,  0.4)  for  a Poisson  ratio  of  0.3  [25] . Results 
for  the  nine  lowest  values  of  waVp/D  to  six  signifi- 
cant figures  for  each  a/b  are  given.  In  addition,  a 
mode  shape  identification  number  for  each  frequency 
presented  describes  the  number  of  approximate  half 
waves  in  each  direction.  The  effects  of  changing  Pois- 
son's ratio  are  studied  in  detail  on  the  SFSF  case.  Of 
particular  interest  is  the  fact  that  increasing  the  Pois- 
son ratio  does  not  always  yield  an  increase  in  fre- 
quency. 

The  15  cases  not  having  exact  solutions  have  been 
analyzed  [25]  by  the  Ritz  method  using  beam 
functions. 

W(x,  y)  = Z Apq  Xp(x)  Yq(y)  (6) 

p.q 

Xp  and  Yq  are  normalized  eigenfunctions  that  satisfy 
exactly  the  equation  of  motion  of  a freely  vibrating, 
uniform  beam.  Clamped  and  simply  supported  plate 
boundary  conditions  are  exactly  satisfied  by  use  of 
beam  functions;  free  edge  conditions  are  approxi- 
mate, however,  so  that  the  approach  is  less  accurate 
when  a free  edge  is  involved.  The  15  cases  were 
analyzed  using  the  first  six  beam  functions  in  each 
direction;  a 36th  order  determinant  was  found 
except  in  those  cases  having  one  or  two  axes  of 
symmetry.  In  these  cases  the  determinant  reduced  to 
two  18th  order  or  four  ninth  order  determinants, 
respectively;  that  is.  one  determinant  for  each  sym- 
metry  class.  The  six  lowest  values  of  coaVp/D  are 
given  for  a/b  « 2.5,  1.5,  1 , 2/3,  and  0.4  for  each  case. 
Poisson's  ratio  is  taken  as  0.3.  Mode  shape  identifi- 
cation numbers  are  also  given. 

Accurate  results  permitted  comparison  with  those 
of  a simple,  one-term  solution  form  of  equation  (6), 
as  carried  out  by  Warburton  [24] . For  the  first  six 
modes  of  the  15  cases  the  difference  between  one- 
term  and  36-term  solutions  was  less  than  one  percent, 
as  often  as  not.  The  presence  of  free  edges  could 
cause  considerable  error  in  the  one-term  solutions,  as 
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much  as  24  percent  for  the  cases  studied.  Graphical 
results  for  frequencies  of  the  first  several  modes  of 
the  21  cases  are  available  for  a Poisson  ratio  of  0.3 
[26]  A summary  of  the  results  found  in  earlier 
literature  has  been  published  [27]  . 

Two  Opposite  Sides  Simply  Supported 
The  rectangular  plate  simply  supported  on  all  four 
edges  is  useful  in  establishing  the  accuracy  of  approxi- 
mate methods  because  a simple,  exact,  closed  form 
statement  of  its  frequencies  exists. 

Wmn  =/d7p  j^(mn/a)^  + (njr/b)’J  (7) 

where  m,  n = 1 , 2...  are  the  integers  representing  the 
numbers  of  half  waves  in  the  mode  shapes  in  the 
X and  y directions,  respectively.  The  problem  has 
been  used  to  demonstrate  the  finite  element  method 
[281,  a finite-strip  difference  method,  as  contrasted 
with  the  usual  finite-point  difference  method  [29, 
30] , the  use  of  Southwell  stress  functions  with  finite 
element  models  [31];  and  solution  of  the  problem 
in  polar  coordinates  by  using  small  sector  angles  and 
large  radii  [32] . Ochs  and  Snowdon  [33]  also  pub- 
lished clear,  experimentally-determined  Chladni  pat- 
terns. Frequency  parameter  versus  a/b  has  also  been 
plotted  [34]  for  all  six  cases  having  two  opposite 
sides  simply  supported. 

Other  Simple  Edge  Conditions 
The  rectangular  plate  clamped  all  around  has  the 
most  simply  stated  boundary  conditions,  and  many 
accurate,  although  not  exact,  frequency  values  are 
available  in  the  literature.  This  problem  is  thus 
useful  in  testing  approximate  methods.  Other  tech- 
niques have  also  been  demonstrated  with  this  prob- 
lem [8,  14],  In  addition,  the  subdomain  method 
[35] , the  Galerkin  method  [36] , and  an  extension 
of  the  Kantorovich  method  [37]  have  been  used. 
The  work  by  Jones  and  Milne  [37]  is  particularly 
noteworthy  because  it  presents  frequencies  for  the 
first  nine  modes  for  0.10  < aA)  < 1 .00  (0,02).  Nair 
and  Durvasula  [38]  also  used  the  problem  to  demon- 
strate the  "curve  veering"  phenomenon  often  found 
in  the  literature  [1,  39]  in  plots  of  frequency  para 
meter  versus  aspect  ratio. 

Bassily  and  Dickinson  [40]  discussed  the  short- 
comings of  the  beam  functions  when  used  with  the 
Ritz  method  in  analyses  of  problems  involving  free 
edges.  They  suggested  another  set  of  functions  as 


more  accurate  for  such  problems. 

Elastic,  Discontinuous,  and  Point  Supports 
Rectangular  plates  having  elastically  supported 
boundaries  have  been  analyzed  [41],  Noteworthy 
is  the  attention  given  to  cases  having  unequal  rota- 
tional constraint  on  the  boundaries. 

The  finite  element  has  been  used  [42]  to  analyze 
square  plates  having  mixed  boundary  conditions. 
Three  problems  were  studied: 

• the  simply  supported  plate  having  a portion  of 
one  edge  clamped,  beginning  at  a corner 

• the  simply  supported  plate  having  portions  of 
two  opposite  edges  clamped,  symmetrically 
located 

• the  free  plate  having  portions  of  all  edges  simply 
supported,  with  symmetrical  edge  supports 
beginning  at  the  four  corners. 

A thorough  variation  of  support  length  parameters 
was  made  for  all  problems. 

A great  deal  of  attention  [4349]  has  recently  been 
given  to  a square  plate  that  is  free  on  its  boundaries 
but  is  supported  symmetrically  at  four  points  along 
its  diagonals  (see  Fig.  3),  The  problem  has  been 
analyzed  by  finite  elements,  by  finite  differences,  and 
by  energy  methods;  frequencies  have  been  obtained 
for  the  complete  range  of  c/a  (see  Fig.  3)  and  com- 
pared with  experimental  results.  A 10  x 10  finite 
element  mesh  has  been  used  [43] . Extensive  nodal 
patterns  have  been  shown  [48] . Results  for  the  first 
seven  modes  are  available  [48] . Dowell  [49]  also 
determined  fundamental  frequencies  for  other 
rectangular  plates  (a/b  - 0.5, 2)  having  point  supports 
along  the  diagonals. 


Figure  3.  Square  Plate  Supported  Symmetrically 
at  Four  Points  Along  its  Diagonals 
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The  finite  element  method  has  also  been  used  [50] 
to  study  square  plates  supported  at  3,  5.  7,  and  9 
points  along  each  edge.  Results  were  compared  with 
the  simply  supported  plate.  Experimental  results 
for  this  problem  are  also  available  (51  ] . A simply 
supported  plate  having  one  additional  point  support 
along  a diagonal  (x=a/2,  y=b/2  and  x=a/3,  y=b/3) 
has  been  examined  [52] . Experimental  results  are 
also  available  (11). 

Added  Mass  and  Internal  Cutouts 
Compared  with  earlier  work  (1),  little  has  been 
done  recently  with  regard  to  the  problem  of  the 
vibrating  rectangular  plate  having  additional  point 
masses.  Laura  et  al  [8]  analyzed  the  simply-sup- 
ported square  plate  having  a central  point  mass. 

Some  attention  has  been  given  to  rectangular  plate 
having  cutouts.  Hegarty  and  Ariman  (53-55)  used 
the  point  matching  method  to  analyze  square  plates 
having  a central  circular  hole.  They  considered  plates 
having  the  outer  boundary  either  ail  clamped  or  all 
simply  supported.  Results  showed  variation  of  fre- 
quency with  hole  size  for  various  values  of  Poisson's 
ratio. 

Variational  principles  in  conjunction  with  finite 
differences  have  been  used  to  study  rectangular  plates 
having  square  cutouts  (56-57) . Particular  attention 
was  given  to  the  problem  of  representing  a re-entrant 
corner.  Theoretical  and  experimental  frequencies  are 
reported  for  SCSS  plates  having  one  and  two  internal 
square  cutouts  and  for  the  SSSS  plate  having  one 
square  cutout.  Paramasivian  [58]  also  developed 
finite  difference  operators  capable  of  representing  a 
re-entrant  corner.  Frequencies  of  clamped  and 
simply  supported  square  plates  having  square  cutouts 
of  various  sizes  were  determined.  A clamp)ed  square 
having  a circular  opening  was  also  analyzed. 

Other  references  are  available  for  readers  desiring 
further  information  on  methods  for  studying  the 
vibration  of  rectangular  plates  [16, 59-63) . 

PARALLELOGRAM  PLATES 

Virtually  no  exact  solutions  exist  for  the  problem  of 
the  parallelogram  plate,  not  even  for  the  case  when  all 
sides  are  simply  supported.  A typical  case  is  depicted 
in  Figure  4,  where  both  rectangular  (x,  y)  and  skew 


coordinates  (J,  ij)  are  used.  The  plate  shown  has  its 
boundaries  {=o,  t7=o,  t=a,  t=b  simply  supported, 
clamped,  free,  and  simply  supported,  respectively, 
and  is  therefore  designated  as  a SCFS  [parallelogram 
plate.  The  skew  angle  is  show  to  be  a.  Most  of  the 
research  prior  to  1 966  [ 1 ) dealt  with  one  case  - the 
cantilevered  parallelogram  (CFFF);  however,  recent 
research  has  been  on  other  cases.  The  term  "skew 
plate"  although  frequently  used  in  the  literature,  is 
avoided  here  because  trapezoidal  and  triangular  plates 
can  also  be  skewed. 


Figure  4.  SCFS  Parallelogram  Plate 

Nair  and  Durvasula  [64]  made  an  excellent  analytical 
study  of  five  cases  involving  clamped  and  simply 
supported  boundaries  (CCCC,  CCSC,  CSSC,  CSCS, 
CSSS).  The  Ritz  method  was  used  in  skew  coordi- 
nates with  beam  functions,  and  36  terms  were  re- 
tained in  the  solution.  Extensive  numerical  results 
are  presented  for  frequencies  and  nodal  patterns  for 
the  first  eight  modes  for  a/b=1 , 2/3,  and  1/2  and  for 
0 < o < 50°  (see  Fig.  4).  The  same  authors  also  used 
CCCS  and  SCSC  rhombic  (i.e.,  a=b)  plates  to  demon- 
strate the  curve  veering  phenomenon  (38)  and 
obtained  results  for  the  CCCC  case  for  various  a/b 
and  a by  the  subdomain  method.  They  compared 
their  results  with  those  in  which  the  Galerkin  method 
and  finite  elements  were  used  [35] . Some  results 
for  the  CCCC  case  are  also  available  [65] . 

The  SSSS  parallelogram  has  also  been  analyzed  by 
Tai  and  Nash  by  the  edge  function  method  [59]  and 
by  others  [15, 66] . 

Srinivasan  and  Munaswamy  [48]  used  an  energy 
method  - with  algebraic  functions  in  one  coordinate 
direction  and  beam  functions  in  the  other  - to  solve 
the  problem  of  the  rhombic  plate  having  free  edges, 
but  supported  at  four  symmetrically  located  points 
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along  the  diagonals.  Results  are  given  for  a “ 15°, 
30“,  and  45°;  nodal  patterns  are  also  shown. 

TRAPEZOIDAL  PLATES 

Very  little  has  been  done  recently  for  trapezoidal 
plates.  In  one  excellent  paper  (67) , however,  the 
finite  element  method  was  used  with  two  types  of 
high  precision,  conforming,  plate  bending  elements  • 
a quadrilateral  and  a triangle.  Extensive  numerical 
results  for  the  frequencies  and  nodal  patterns  of  the 
first  six  (and  additional)  modes  of  symmetrical 
trapezoidal  plates  completely  clamped  or  simply 
supported  are  presented  for:  (1)  d/a=1.5  and  b/a= 
0.4;  (2)  d/a=6and  b/a=0.8,0.2  (see  Fig.  5). 


Figure  5.  Symmetrical  Trapezoidal  Plate 


TRIANGULAR  PLATES 

Attention  has  been  given  to  CCC  and  SSS  triangular 
plates  167) . Numerical  results  for  the  frequencies  and 
nodal  patterns  of  the  first  six  (and  additional)  modes 
of  isosceles  triangular  plates  completely  clamped  or 
simply  supported  are  presented  for  d/a*1 .5  and 
6(b/a“0  in  Fig.  5). 

The  SSS  plate,  for  the  case  of  equilateral  sides,  was 
also  analyzed  by  Williams  et  al  (68,  69] . A solution 
was  obtained  in  terms  of  trilinear  coordinates.  Tri- 
linear  coordinates  are  seldom  used  and  not  widely 


understood,  but  these  references  present  an  excellent 
and  clear  exposition  of  their  use.  Experimental 
results  were  also  obtained  and  compared  with  the 
analytical  ones. 

A method  yielding  lower  bounds  applied  to  triangular 
plates  has  been  presented  (16).  Some  results  for 
plates  having  free  boundaries  and  supported  on  three 
symmetrically  placed  supports  are  also  available  (11). 

PLATES  OF  OTHER  SHAPES 

General  (approximate)  methods  exist  for  the  analysis 
of  free  vibrations  of  plates  of  arbitrary  shape.  The 
methods  can  be  group)ed  into  three  categories,  de- 
pending upxan  whether  they  satisfy  the  differential 
equation  (3),  the  boundary  conditions,  or  neither, 
exactly  (70) . Two  interesting  methods  for  analyzing 
arbitrarily  shaped  plates  have  already  been  mentioned 
(3,  16] . Laura  and  Gutierrez  (71)  also  demonstrated 
a previously  develoiaed  method  which  is  an  interesting 
and  powerful  combination  of  two  methods  - con- 
forma)  mapping  and  the  Galerkin  method.  They  used 
this  method  to  obtain  frequencies  of  clamp)ea  and 
simply  suppxjrted  regular  polygonal  plates  having 
4, 5, 6, 7,  and  8 sides. 

Rubin  has  investigated  problems  of  sectorial  plates. 
He  used  a Kantorovich-like  energy  method  to  com- 
pletely analyze  clamped  seaors  (72) . Numerical 
results  were  presented  for  the  radial  and  circular 
modes  for  sector  angles  varying  from  30°  to  180°. 
He  also  obtained  an  exact  solution  to  equation  (3) 
by  assuming 

W(r,0)  “ f(r)  cos  m^  (8) 

and  solving  the  resulting  fourth  order  equation  in 
f by  the  Frobenius  method  (73) . The  function  W 
then  satisfies  simply  supported  boundary  conditions 
along  the  radial  edges  0 ■ tn/2m.  Numerical  results 
are  given  for  the  first  eight  modes  of  an  annular 
sector  having  the  inner  boundary  clamped  and  the 
outer  free,  for  a boundary  radius  ratio  (8^)  of  20 
(see  Fig.  6). 

Ramaiah  and  Vijayakumar  (74)  made  a thorough 
study  of  annular  sectorial  plates  having  simply 
supported  radial  boundaries  and  all  nine  possible 
combirtations  of  clamped,  simply  sup>ported  and  free 
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Figure  6.  Annular  Sectorial  Plate 


boundary  conditions  along  the  circular  edges,  r=a,  b. 
The  Ritz  method  was  used. 

Bhattacharya  and  Bhowmic  [75]  demonstrated  the 
use  of  the  Knntorovich  method  for  analyzing  sectorial 
plates  clamped  along  the  radial  edges  and  having 
arbitrary  conditions  along  the  single  circular  bound- 
ary (r=a).  They  reported  numerical  results  for  the 
cases  of  semicircular  plates  having  their  circular 
boundary  clamped,  simply  supported,  and  free 
(and  their  diameters  clamped,  of  course). 

Vivoli  and  Phillipi  |7]  also  demonstrated  their 
method  using  layer  potentials  to  analyze  the  vibra- 
tions of  a plate  having  the  unusual  shap>e  shewn  in 
Figure  7,  clamped  all  around  its  periphery . 


A collection  of  plates  of  various  shapes  having  various 
different  support  arrangements  has  been  considered 
by  Steinberg  [76] . 

SUMMARY 

It  is  interesting  to  compare  the  extent  of  research 
into  free  vibrations  of  plates  preceding  1966  [1]  and 
between  1973  and  1976  (see  the  Table).  There  is  no 
question  that  the  extent  of  useful  numerical  results, 
their  accuracy,  and  their  comprehensiveness  - i.e., 
complete,  rather  than  piecemeal,  studies  of  the 
effects  of  varying  a parameter  such  as  aA)  or  Poisson's 
ratio,  and  careful  comparison  with  previously  known 
results  for  special  cases  --  has  increased  in  the  refer- 
ences between  1973  and  1976. 


Table.  Comparison  of  Available  Literature 


Shape  of  Plate 

Number  of  References 

Before  1966 

7973-mid  1976 

Circular 

48 

11 

Elliptical 

8 

8 

Rectangular 

161 

43 

Parallelogram 

22 

8 

Trapezoidal 

8 

1 

Triangular 

38 

5 

Others 

14 

9 

Figure  7.  Shape  Analyzed  by  Vivoli  and  Phillippi  [7] 
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FLOW-INDUCED  VIBRATIONS  OF  CIRCULAR  CYLINDRICAL  STRUCTURES 
PART  I:  STATIONARY  FLUIDS  AND  PARALLEL  FLOW 

S.-S.  Chen* 


Abstract  - The  objective  of  this  paper  is  to  review  the 
state-of-the-art  of  flow-induced  vibration  of  circular 
cylindrical  structures  and  to  indicate  areas  that  need 
further  work.  Both  parallel  and  cross  flow  problems 
are  considered.  Part  / of  the  review  contains  a general 
discussion  of  analytical  methods,  classification  of 
structural  responses,  and  characteristics  of  the  vibra- 
tion of  cylinders  in  stationary  fluid  and  parallel  flow. 
Part  H considers  cross-flow-induced  vibration,  design, 
and  research  needs 

Flow-induced  vibration  of  circular  cylinders  has  been 
known  to  man  since  ancient  times;  the  vibration  of  a 
wire  at  its  natural  frequency  in  response  to  vortex 
shedding  was  known  in  ancient  Greece  as  aeolian 
tones.  But  systematic  studies  of  the  problem  were 
not  made  until  a century  ago  when  Strouhal  estab- 
lished the  relationship  between  vortex  shedding 
frequency  and  flow  velocity  for  a given  cylinder 
diameter  [ 1 ) . The  early  research  in  this  area  has  been 
summari.^ed  [2] . 

Since  the  collapse  of  the  Tacoma  Narrows  Bridge 
in  1940,  flow-induced  vibration  has  attracted  much 
attention.  Flow-induced  vibration  problems  have 
become  significant  as  structures  have  become  lighter 
and  more  slender  due  to  the  use  of  high-strength 
materials,  and  as  advanced  nuclear  power  reactors 
have  been  developed.  The  potential  for  detrimental 
vibration  in  such  system  components  as  suspension 
bridges,  tall  buildings,  chimney  stacks,  heat-ex- 
changer tubes,  ocean  piles,  transmission  lines,  and 
reactor  systems  has  added  to  the  need  for  studies  of 
flow-induced  vibration.  Several  reviews  deal  with 
general  features  of  flow-induced  vibrations  and  con- 
tain material  relevant  to  circular  cylindrical  structures 
(3-131. 

GENERAL  CONSIDERATIONS 

An  understanding  of  structural  responses  in  a fluid 
environment  involves  identification  of  basic  excita- 
tion mechanisms.  The  following  is  a list  of  potential 
excitations,  vortex  shedding  [14,  151;  fluidelastic 
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mechanisms  [16,  17);  turbulent  buffeting  [18,  191; 
jet  switching  (201;  acoustic  noises  (21-231;  flow 
pulsations  [24,  251;  and  turbulent  boundary  layer 
pressure  fluctuations  [26,  271 . Depending  on  condi- 
tions, any  of  several  excitation  sources  can  be  the 
dominant  excitation  mechanism.  It  is  sometimes 
difficult  to  identify  the  dominant  excitation,  how- 
ever, because  two  or  more  mechanisms  may  interact. 

A cylindrical  structural  system  departs  from  its 
equilibrium  position  when  acted  upon  by  fluid 
excitation;  the  new  configuration  of  the  system  can 
be  represented  by  the  generalized  coordinate  |q  |. 
In  general,  the  equations  of  motion  may  be  reduced 
to 

[Ml  + [Cl  jq|  + [K1  jq[  = {q|  (1) 

M is  a mass  matrix  and  includes  the  added  mass 
effect;  C is  a damping  matrix  and  includes  fluid 
dynamic  damping;  K is  a stiffness  matrix  and  in- 
cludes fluidelastic  effect.  Q is  a generalized  force 
that  includes  fluid  excitation  forces  [28,  291 . Note 
that  the  matrices  M,  C,  K,  and  Q can  be  dependent 
of  q and  are  not  necessarily  symmetric.  The  inter- 
dependences that  govern  fluidelastic  behavior  of  a 
cylindrical  structural  system  can  be  represented  as 
shown  in  Figure  1 . 

A circular  cylindrical  structural  system  immersed  in 
a fluid  stream  can  vibrate  for  a variety  of  reasons; 
the  behavior  of  the  system  can  be  either  static  or 
dynamic. 

Static  Behavior 

• static  deformation:  static  displacements  can  be 
Induced  by  such  steady  fluid  forces  as  drag  forces 
(301 , fluid  centrifugal  forces  [31 1 . and  static  fluid 
pressure  [321 . 

• static  instability:  buckling  of  cylindrical  tubes 
has  been  observed  experimentally  [331  ■ The  same 
phenomenon  occurs  when  an  Euler  column  is  sub- 
jected to  an  axial  compression. 

Dynamic  Behavior 

• forced  vibration:  in  subcritical  flow  velocity 
ranges,  the  structure  is  subjected  to  flow  excitations. 
If  the  excitation  force  is  periodic,  such  as  vortex 
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Figure  1 . FluMelattic  RetporttM  of  Circular  Cylindrical  Structure* 
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shedding,  large  oscillations  associated  with  resonance 
can  occur  [34] . If  the  excitation  is  due  to  random 
pressure  fluctuations,  the  oscillations  are  likely  to 
have  a small  amplitude  (8.  26] , 

• self-excited  vibration:  large  amplitude  vibra- 
tions are  frequently  observed  in  heat  exchanger  tube 
banks  [16]  and  in  pipes  carrying  fluid  traveling  at 
high  velocity  [8,  17] . 

• parametric  resonance  pulsating  or  two-phase 
flows  can  induce  parametric  and  combination  reso- 
nances (24, 25] . 

Note  that  the  first  four  phenomena  --  static  deforma- 
tion, static  instability,  force  vibration,  and  self- 
excited  vibration  - follow  only  one  of  the  four  loops 
shown  in  Figure  1;  parametric  resonance  involves 
both  loops  3 and  4 Many  practical  problems  do  not 
follow  a single  loop.  For  example,  in  the  lock-in 
region  of  vortex-induced  vibration  of  a single  cylin- 
der, loops  3 and  4 are  involved,  at  other  flow  veloctiy 
ranges  only  loop  3 is  involved. 

VIBRATIONS  IN  STATIONARY  FLUID 

When  a structural  element  submerged  in  a fluid  vi- 
brates, the  surrounding  fluid  must  be  displaced  to 
accommodate  the  motions.  This  effect  is  usually 
accounted  for  with  the  added  mass  concept.  Ideally, 
the  added  mass  should  be  calculated  from  the  three- 
dimensional  Navier-Stokes  equations,  but  such  a 
calculation  is  difficult  even  in  simple  cases  When  the 
oscillation  has  a small  amplitude,  added  mass  can 
usually  be  computed  from  the  potential  flow  theory. 
A summary  of  potential  flow  results  for  circular 
cylindrical  structures  including  formulas,  graphs,  and 
computer  programs  has  recently  been  compiled 
[35] . The  limitations  to  potential  flow  theory 
should  be  recognized.  Experimental  results  for  a 
single  cylinder  have  demonstrated  that,  within 
certain  parameter  ranges,  the  potential  flow  solution 
may  be  in  serious  error  [36-38] , In  most  vibration 
problems,  however,  the  threshold  of  large  oscillations, 
or  steady-state,  small-amplitude  oscillations  are 
sought,  the  potential  flow  theory  is  applicable  in 
such  cases. 

With  a viscous  fluid,  the  fluid  force  can  be  separated 
into  two  components,  one  in  phase  with  the  accelera- 
tion (added  mass  effect)  and  the  other  opposing  the 
movement  (damping  effect)  [39-41] . In  most  practi- 
cal situations,  with  the  exception  of  a confirted  re- 
gion, the  effect  of  fluid  viscosity  on  added  mass  is 


small.  But  fluid  viscosity  contributes  significantly 
to  system  damping  - particularly  in  a confined  re- 
gion, where  damping  associated  fluid  viscosity  can  be 
very  large.  So  long  as  the  vibration  amplitude  is  small, 
the  linear  viscous  flow  theory  gives  sufficiently 
accurate  results  [39] . As  the  vibration  amplitude 
increases,  the  nonlinear  effects  of  the  flow  field 
become  important.  In  fact,  it  has  been  shown  that  the 
magnitude  of  added  mass  and  damping  depend  upon 
vibration  amplitude  [41 , 42] . 

The  effect  of  fluid  compressibility  on  structural 
motion  is  similar  to  that  of  viscosity:  the  added 
mass  for  a single  cylinder  in  an  infinite  fluid  depends 
on  wavelength,  and  radiation  damping  can  be  signifi- 
cant [43] . Fluid  compressibility  affects  structural 
modes  due  to  fluid-structure  coupling  as  well  as 
cenain  acoustoelastic  modes,  in  which  structural  mo- 
tion and  fluid  motions  are  strongly  coupled  [44,45] . 
If  the  vibration  of  a structure  is  a main  concern,  the 
fluid  can  be  considered  incompressible. 

The  importance  of  flow-induced  vibrations  in  nuclear 
reactor  vessels,  thermal  shields,  and  core  barrels  has 
created  a need  for  detailed  investigations  of  circular 
cylindrical  shells  containing  fluid  [44-51  ] . The  added 
mass  for  shells  can  be  very  large  in  contrast  to  that 
for  tubes  or  rods  vibrating  in  a liquid.  The  added 
mass  for  a cylindrical  shell  containing  fluid  is  equal 
to  pRC|y|/h  where  p is  fluid  density,  h is  shell 
thickness.  R is  shell  radius,  and  Cjyi  is  added  mass 
faaor  The  value  of  the  added  mass  factor  depends 
on  the  axial  and  circumferential  wave  numbers  and 
usually  ranges  from  0.1  to  1 .0  [45] . The  added  mass 
for  a cylindrical  shell  is  a function  of  shell  mode 
shape,  unlike  a slender  tube  vibrating  in  lower  modes, 
where  added  mass  is  independent  of  vibrational 
modes. 

Significant  progress  has  been  made  with  regard  to 
coupled  vibrations  of  multiple  structural  elements. 
Because  of  the  fluid  couplirtg  effect,  the  motion  of 
any  cylinder  in  a group  of  cylinders  will  excite  the 
others,  and  all  cylinders  will  resportd  as  a group  rather 
than  individually.  Such  behavior  is  not  always  recog- 
nized. Even  though  the  dynamic  response  of  a group 
of  cylinders  submerged  in  a liquid  has  been  of  interest 
to  many  engineers.  The  many  studies  include  two 
parallel  cylinders  (52-54] , two  cylirKJers  located 
concentrically  and  separated  by  a fluid  [40,  47,  49, 
51,  55-57] , a row  of  cylinders  [16,  20,  29,  58-60] , 
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and  a group  of  cylinders  (28.  61-69) . When  a group 
of  cylinders  vibrates  - called  coupled  vibration  -- 
in  a liquid,  a definite  phase  relationship  exists  among 
the  cylinders.  If  only  one  cylinder  is  oscillating  while 
all  others  are  stationary,  the  motion  is  called  uncou- 
pled vibration.  The  general  dynamic  characteristics 
of  coupled  vibration  differ  from  those  of  a single 
cylinder  Consider,  for  example,  a group  of  identical 
cylinders  with  a natural  frequency  in  vacuo  equal 
to  n.  and  a mass  per  unit  length  of  m.  The  natural 
frequencies  for  three  cases  are  as  follows: 

• single  cylinder  in  infinite  fluid 


RT 


• uncoupled  vibration  of  multiple  cylinders 
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• coupled  vibration  of  multiple  cylinders 


The  displaced  mass  of  fluid  is  mf;  y is  the  added  mass 
of  the  cylinders;  and  p is  the  eigenvalue  of  the  added 
mass  matrix  (28) . These  relationships  have  been 
confirmed  experimentally  [69] . Studies  show  that  a 
group  of  cylinders  has  an  infinite  number  of  fre- 
quency bands  corresponding  to  the  infinite  number 
of  natural  frequencies  for  a solitary  cylinder  (67) . 
Each  frequency  band  has  2k  natural  frequencies  for 
a group  of  k cylinders.  The  frequencies  are  distri- 
buted close  to  the  frequency  of  a corresponding 
single  cylinder.  Within  each  frequency  band,  the 
steady-state  response  of  the  group  of  cylinders 
differs  significantly  from  that  of  a single  cylinder. 
In  the  past,  uncoupled  modes  were  used  to  calculate 
cylinder  response.  It  is  now  clear,  however,  that 
coupled  modes  should  be  used  to  calculate  the 
response  of  a group  of  cylirtders 


PARALLEL-KLOW-INDIJCKD  VIBRATION 

It  is  convenient  to  classify  flow-induced-vibration 
problems  as  parallel  and  cross  flows,  depending  on 
the  orientation  of  fluid  flow  with  respect  to  the 
structural  axis.  Parallel -flow  problems  can  be  internal 
or  external,  according  to  the  position  of  the  fluid 
with  respect  to  structure  This  section  considers 
vibration  and  stability  of  cylinders  conveying  fluid 
[17,  24,  25,  27,  31-33,  70-129)  and  cylinders  sub- 
jected to  external  parallel  flow  [26,  28,  130-184). 

Early  studies  of  parallel-flow  problems  dealt  with 
internal  flow,  largely  because  it  applied  to  such 
practical  systems  as  oil  pipelines  and  fuel  lines.  The 
following  problems  have  been  studied  cantilevered 
pipes  [76,  77,  79,  83,  90) , articulated  pipes  [17,  88, 
115),  pipes  with  pinned  or  fixed  end  conditions 
[33,  71,  81] , elastically  supported  pipes  [93,  104) , 
and  cylindrical  shells  [27,  122-129] . The  fluid  flows 
discussed  include  steady  flow,  pulsating  flow  [24, 
112-118],  and  two-phase  flow  [119-121).  One  of 
the  most  fascinating  problems  involves  fluid-convey- 
ing pipes  fixed  at  the  upstream  end  and  free  at  the 
downstream  end  - a classic  example  of  a noncon- 
servative system.  It  has  been  shown  that  the  pipe 
loses  stability  by  flutter.  At  subcritical  flow  velocity, 
the  flow-induced  oscillation  of  a cantilevered  pipe 
is  usually  small  because  of  the  large  damping  value 
associated  with  the  Coriolis  force.  If  the  downstream 
end  is  fixed  or  pinned,  the  system  is  called  a con- 
servative system  [103],  a gyroscopic  conservative 
system,  or  a nonconservative  system  [101].  As  the 
flow  velocity  reaches  a certain  value,  the  pipe  be- 
comes unstable  and  buckles;  in  the  subcritical  flow 
velocity  range,  the  Coriolis  force  does  not  contribute 
to  damping.  It  has  also  been  shown  that  flutter 
instability  can  occur  in  pipes  with  support  at  the 
downstream  end;  the  flow  velocities  required  for 
instability  are  higher  than  those  that  cause  buckling. 
A complete  analysis  of  a pipe  clamped  at  the  up- 
stream end  and  elastically  supported  at  the  down- 
stream end  has  recently  been  analyzed  [104] . It  was 
shown  that  the  pipe  can  become  unstable  by  buck- 
ling, flutter,  or  both,  depending  on  the  magnitudes 
of  the  displacement  and  the  rotational  springs  at  the 
end.  It  should  be  pointed  out  that  these  studies  were 
based  on  the  linear  theory.  After  a pipe  becomes 
unstable,  however,  the  linear  theory  is  no  longer 
applicable,  and  the  significance  of  the  higher  critical 
flow  velocities  is  difficult  to  assess. 
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Relatively  little  attention  has  been  directed  to  curved 
pipes.  Hill  and  Davis  (100]  used  the  finiteelement 
technique  to  examine  the  effea  of  initial  forces  on 
the  vibration  and  stability  of  clamped  pipes.  They 
showed  that  neglecting  initial  forces  results  in  out-of- 
plane buckling,  including  these  forces  prevents 
buckling  within  the  elastic  limit.  Doll  and  Mote 
[111]  also  used  the  finite  element  method.  Their 
results  show  that,  for  pipes  with  small  curvature, 
analytical  results  based  on  the  inextensional  theory 
were  in  better  agreement  with  experimental  data  than 
those  based  on  the  variable  curvature  theory. 

Parametric  and  combination  resonances  in  pipes 
conveying  fluid  are  possible  with  periodic  flow 
(24,  112-1181  and  two-phase  flow  (119-121). 
Analytical  investigations  have  been  made  for  artic- 
ulated pipes,  simply -supponed  pipes,  and  cantilevered 
pipes  Paidoussis  (24)  has  demonstrated  the  existence 
of  both  parametric  and  combination  resonances  with 
a harmonically  perturbed  flow  velocity.  Such  veloc- 
ities occur  over  specific  ranges  of  pulsation  ampli- 
tudes, frequencies,  and  flow  rates.  Two-phase-flow- 
induced  instability  also  has  been  noted  (119,  120); 
a relatively  large  perturbation  and  a high  flow  veloc- 
ity are  generally  required  to  induce  instability.  Such 
a combination  is  not  likely  to  occur  in  practical 
systems 

When  a pipe  is  relatively  short  compared  with  its 
diameter,  the  potential  flow  theory,  rather  than 
slug  flow,  has  been  used  to  study  instability  [122- 
1291 . It  has  been  shown  that  flutter  is  possible  for 
all  types  of  end  conditions.  With  pinned  or  clamped 
end  conditions,  however,  buckling  always  precedes 
the  onset  of  flutter.  This  is  similar  to  results  using 
beam  theory  with  slug  flow.  Flutter  of  shells  has 
been  observed  experimentally,  but  buckling-type 
instability  has  not  been  verified  (125) . 

No  significant  progress  has  been  made  in  the  area 
of  vibration  induced  by  external  parallel  flow,  even 
though  it  is  of  concern  in  nuclear  fuel  rod  wear  in 
advanced  reactor  design.  The  main  thrust  of  the 
artalytical  and  experimental  work  has  been  toward 
developing  a method  for  predicting  fuel  rod  response 
under  operating  conditions.  For  a single  cylinder 
vibration  in  an  ideal  flow  condition,  several  semi- 
empirical  corrections  are  available  for  predicting  rod 
amplitude  Paidoussis'  empirical  correction  (141), 


Chen's  parametric  model  (150,  151),  Reavis'  correc- 
tion (142),  and  the  Chen-Wambsganss'  method 
[26,  155) . These  expressions  are  useful  in  predicting 
rod  response  within  an  order  of  magnitude,  but  the 
current  state-of-the-art  is  such  that  an  accurate 
prediction  of  vibration  amplitude  is  difficult  without 
experimental  information. 


One  improvement  on  the  mathematical  modeling  of 
fuel  bundle  vibration  is  the  fluidelastic  coupling 
(28) . All  previous  models  used  a single  cylinder  as 
the  model  for  fuel  bundles.  This  is  not  appropriate, 
especially  when  the  cylinders  are  closely  packed  such 
as  those  in  a nuclear  fuel  assembly.  Analytical  and 
experimental  results  show  that  the  general  charac- 
teristics of  a fuel  bundle  differ  significantly  from 
those  of  a single  rod.  In  the  future,  fluid-elastic 
coupling  effect  will  have  to  be  included  in  thedevel 
opment  of  mathematical  models. 
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BOOK  REVIEWS 


DYNAMICS  OF  STRUCTURES:  Volume  I 
(Bygningsdynamik:  Bind  I) 

C.  Dyrbye 

Lyngby,  Polyteknisk  Forlag  (1973) 


NONLINEAR  STEADY  VIBRATIONS 
(Nelineinye  statsionarnye  kolebaniya) 

N.  G.  Bondar 

Kiev,  Izdatelstvo  "Naukova  Dumka"  (1974) 


The  book  is  primarily  designed  as  a textbpok  for  a 
cx)urse  on  structural  dynamics  in  the  Technical  Uni- 
versity of  Denmark,  but  the  author  hopes  that  it  will 
also  find  use  in  practice.  It  is  confined  to  linear 
undamped  dynamic  problems  of  structural  compo- 
nents and  systems. 

In  Chapter  1 the  response  of  a single-degree-of- 
freedom  system  is  considered  for  various  conditions 
(free  and  forced  vibrations,  foundation  excitation, 
impuslive  loading,  resonance,  etc.).  The  necessary 
theoretical  concepts  are  formulated  in  Chapter  2. 
Equations  of  motion  are  derived  by  making  use  of 
influence  functions  of  linear  systems.  Basic  proper- 
ties of  natural  modes  and  frequencies  are  considered 
in  some  detail.  For  approximate  determination  of 
natural  frequencies  Rayleigh's  principle  and  Dunker- 
ley's  formula  are  presented.  Chapter  3 deals  with 
multidegree-of-freedom  systems.  In  Chapter  4,  the 
vibrations  of  beams  are  treated,  e.g.,  the  Kolousek 
functions  are  derived  and  the  solution  of  the  Timo- 
shenko beam  is  given.  Chapter  5 deals  briefly  with 
vibrations  of  continuous  beams  and  frames.  In 
Chapter  6 the  equations  for  longitudinal  vibrations  of 
a bar,  transverse  vibrations  of  a string,  and  torsional 
vibrations  of  a shaft  are  derived. 

The  presentation  is  clear  and  well  organized.  Ac- 
quaintance with  basic  structural  analysis  and  calculus 
provides  sufficient  prerequisite.  Regarding  the  size 
and  level  of  the  book,  a fairly  versatile  treatment  is 
given  to  the  dynamic  problems  of  structures.  Re- 
viewer believes  that  the  book  serves  its  purpose  very 
well  as  an  introductory  text  to  structural  dynamics. 


M.  J.  Mikkola,  Finland 
Courtesy  of  Applied  Mechanics  Reviews 


The  author's  so-called  method  of  variable  scale  is  the 
underlying  theme  throughout  this  book.  Its  use  has 
unified  the  approximate  treatment  of  a broad  class  of 
nonlinear  one-degree-of-freedom  systems.  The  me- 
thod of  variable  scale  consists  in  transforming  both 
the  independent  and  the  dependent  variables  so  as 
to  produce  a linear  differential  equation  with  a forc- 
ing function  that  depends  on  the  unknown  solution. 
Approximations  made  at  this  stage  then  lead  to  cor- 
responding approximate  solutions.  It  is  not  clear  how 
this  technique  is  based  solely  on  G.  Polya's  plausible 
inference,  as  claimed  in  the  introduction.  However, 
the  book  does  present  a large  number  of  interesting 
solutions  with  emphasis  on  the  amplitude  versus 
frequency  characteristic.  Types  of  excitation  include 
harmonic,  biharmonic,  periodic,  and  trains  of  im- 
pulses. 

Being  intended  for  engineers,  the  book  concentrates 
on  getting  approximate  solutions  rather  than  on 
questions  of  existence,  convergence,  or  error  esti- 
mates. 

Solutions  from  analog  and  digital  computers  are  often 
compared  with  the  author's  approximate  analytical 
solutions.  Apparently  the  author  regards  the  good 
agreement  as  a vindication  of  his  method.  However, 
in  making  these  comparisons  he  does  in  fact  raise 
the  broader  question  of  the  respective  roles  of  the 
computer  simulation  and  the  approximate  analytical 
approach. 


D.  B.  Macvean,  United  Kingdom 
Courtesy  of  Applied  Mechanics  Reviews 


39 


NORMS  FOR  THE  STRUCTURAL  ANALYSIS  OF  ELEMENTS  OF  REACTORS,  STEAM 
GENERATORS,  VESSELS  AND  PIPINGS  OF  NUCLEAR  POWER  PLANTS,  AND  OF 
EXPERIMENTAL  AND  RESEARCH  NUCLEAR  REACTORS  AND  INSTALLATIONS 
(Normy  rascheta  na  prochnost  elementov  reaktorov  parogeneratorov,  sosudov  i truboprovodov 
atomnykh  elektrostantsii,  optnykh  i issledovatelskikh  yadernykh  reaktorov  i ustanovok) 

Moscow,  "Metallurgiya"  (1973) 


The  reviewed  book  represents  a code  for  the  design, 
construction,  and  operation  of  nuclear  reactors  and 
power  stations  in  the  USSR. 

The  types  of  failure  considered  are 

(a)  fracture, 

(b)  large  plastic  deformation, 

(c)  instability, 

(d)  residual  deformation  large  enough  to  impede 
proper  function, 

(e)  fracture  due  to  cyclic  loading. 

First  part  of  the  book  contains  tables  of  material 
parameters  for  temperature  levels  up  to  600"C.  Next, 
simple  formulas  are  given  for  determination  of 
minimal  thicknesses  of  various  components;  listed  are 
allowable  stress  levels,  stress  concentration  factors, 
etc. 

The  main  part  of  the  text  is  divided  into  five  appen- 
dices. 

I • First  appendix  is  devoted  to  thermoelastic 

analysis  of  cylindrical  containers.  A rather 
elaborate  numerical  example  (pressure,  ther- 
mal gradient,  cyclic  loading)  illustrates  listed 
formulas. 

II  - A two-page  appendix  contains  several  formulas 

to  be  used  in  creep  analyses  of  subassembly 
ducts  (made  from  zirconium)  and  piping 
systems  (made  of  chrome-molybdenum  alloys). 

III  - Next  35  pages  contain  an  explanation  of  meth- 

ods to  be  used  for  determination  of  various 
mechanical  properties  of  materials  (ranging 
from  simple  yield  stress  determination  for  steel 
at  various  temperature  levels  to  determination 
of  hysteresis  loops  for  various  materials  in 
plastic  range). 

IV  - Next  150  pages  contain  unified  analytical  and 

experimental  methods  for  determination  of 
stresses,  strains,  and  deformations.  A host  of 


formulas  for  cylindrical,  spherical,  and  elliptic 
shells,  circular  plates,  rings,  and  bellows  is 
listed  for  a variety  of  loading  conditions  and 
thermal  fields.  Also  listed  are  formulas  for 
multilayered  shells,  perforated  plates,  etc. 

V  - Final  90  pages  contain  description  of  design 
methods  for  various  details,  such  as  flanges, 
other  connections,  tees,  branches,  etc. 

In  conclusion,  book  represents  a rather  ambitious  and 
certainly  a worthwhile  attempt  to  help  a structural 
engineer  engaged  in  design  of  nuclear  reactors.  Quite 
obviously  it  does  not  cover  all  possible  circumstances 
and  in  many  respects  has  a strong  precomputer  era 
flavor.  However,  there  is  very  little  doubt  that  practi- 
cal engineers  in  USSR  will  find  this  text  helpful. 
In  fact,  in  many  respects  this  code  appears  to  be 
superior  to  ASME  BPV  Code. 


D.  Krajcinovic,  USA 
Courtesy  of  Applied  Mechanics  Reviews 
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REDUCTION  OF  MACHINERY  NOISE 
(Revised  Edition) 

Malcolm  J.  Crocker,  Editor 


The  Purdue  University  series  of  short  courses  on  the 
reduction  of  machinery  noise  was  begun  in  1972  by 
Dr.  Malcolm  Crocker  at  the  Herrick  Laboratories. 
The  current  revised  edition  of  Reduction  of  Machine- 
ry Noise  contains  the  proceedings  of  two  short  cours- 
es held  at  Purdue  University  in  December  1975. 
Twelve  papers  comprise  the  first  course,  "Fundamen- 
tals of  Noise  Control,”  and  21  papers  the  second 
course,  "Reduction  of  Machinery  Noise." 

Fundamentals  of  Noise  Control  covers  the  full  range 
of  topics  usually  included  in  noise  control  engineer- 
ing. The  basics  of  sound,  effects  of  noise  on  people, 
simple  acoustical  instrumentation,  and  measurement 
methods  are  described,  as  well  as  vibration  isolation 
and  such  techniques  for  noise  control  as  the  use  of 
sound-absorbing  materials,  sound  barriers,  and 
mufflers.  The  final  paper  is  a brief  discussion  of 
the  noise  regulations  of  OSHA  and  state  and  local 
governments. 

The  12  papers  are  generally  basic  in  nature  and  are 
written  for  the  beginner  in  noise  control,  but  they  are 
also  comprehensive  and  present  information  beyond 
the  simple  basics.  For  example,  the  paper  on  room 
acoustics  includes  a brief  presentation  of  geometrical 
theory  and  wave  theory,  in  addition  to  the  more 
common  statistical  theory  approach.  The  paper  on 
outdoor  sound  propagation  includes  the  effects 
of  wind,  humidity,  and  temperature  gradients,  as 
well  as  sound  propagation  over  grass. 

The  other  papers  of  the  first  course  are  standard 
presentations  of  typical  noise  control  methods. 
The  paper  on  absorption  discusses  the  mechanisms 
by  which  sound  is  absorbed  and  points  out  the  dif- 
ferences between  normal  and  random  incidence 
absorption  coefficients.  The  papers  on  vibration 
isolation  contain  qualitative  descriptions  of  some  of 
the  problems  and  techniques  of  isolation.  These 
include  equipment  balance,  low  and  high  frequencies 
and  wave  effects,  inertia  blocks,  short  circuits,  and 
shock  isolation. 


The  21  papers  of  the  second  course,  "Reduction  of 
Machinery  Noise,"  are  formally  divided  into  17  gen- 
eral papers  and  four  case  histories,  but  are  actually 
nine  general  papers  and  12  case  histories.  Six  papers 
deal  with  engine  noise  or  diesel  truck  noise.  The  other 
case  histories,  and  some  of  the  general  papers,  deal 
specifically  with  data  measurements  and  noise  control 
procedures  and/or  results  for: 

• petrochemical  plants 

• strip  feed  press 

• punch  press 

• electrical  equipment 

• construction  equipment 

• metal  cutting  operations 

• large  steam  turbine/generators 

• valves  and  piping 

• compressors 

• fans  and  blowers 

• lawn  mowers 

All  the  papers  include  at  least  a general  description 
of  the  problem  and  some  data,  theory,  and  analysis. 
Most  of  the  papers  include  some  references  that 
should  be  valuable  to  someone  desiring  further  infor- 
mation. Overall  the  material  is  well  prepared;  even 
if  specific  questions  are  left  unanswered,  sufficient 
specifics  of  the  problem  are  given  to  alert  the  reader 
to  those  aspects  of  his  own  situation  that  will  make 
additional  searching  fruitful. 

The  main  drawback  of  this  revised  edition  is  that,  of 
the  33  papers,  at  least  15  are  apparently  reprints 
from  the  earlier  edition,  and  some  have  even  appeared 
in  other  publications.  Therefore,  although  this  book 
would  be  a useful  addition  to  a noise  control  engi- 
neer's library,  he  should  examine  it,  especially  if  he 
already  has  a copy  of  the  first  edition,  which  was 
published  in  1974. 

W.  Ernie  Purcell 
Noise  Control  Program 
Bechtel  Corporation,  San  Francisco,  California 
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SHORT  COURSES 


NOVEMBER 


MACHINERY  VIBRATION 

Dates:  November  8 -10,  1977 

Place:  Cherry  Hill,  New  Jersey 

Objective:  Lectures  and  demonstrations  on  rotor 
dynamics  and  torsional  vibration  have  been  scheduled 
for  this  seminar.  General  sessions  on  the  opening  day 
are  intended  to  serve  as  a review  of  the  technology; 
included  are  the  concepts  of  critical  speeds,  reso- 
nances, and  stability  of  machines:  the  finite  element 
method;  and  rotor  dynamic  measurements.  Double 
sessions  on  rotor  dynamics  and  torsional  vibrations 
will  be  held  on  the  second  and  third  days.  The  fol- 
lowing topics  are  included  in  the  rotor  dynamics 
sessions:  bearing  (antifriction  and  fluid  film)  dy- 
namics, rotor  dynamic  calculations,  dynamics  of 
foundations,  application  of  large  computer  programs 
for  structural  vibration  analysis,  modern  balancing 
techniques  and  applications  and  solutions  to  indus- 
trial balancing  problems.  The  sessions  on  torsional 
vibration  feature  fundamentals,  modeling  measure- 
ment and  data  analysis,  self-excited  vibrations, 
isolation  and  damping,  transient  analysis,  and  design 
of  machine  systems.  Participants  will  be  able  to 
attend  lectures  in  the  area  commensurate  with  their 
interests. 

Contaa:  Vibration  Institute,  101  W.  55th  St.,  Clar- 
endon Hills,  IL  60514  (312)  654-2254/654-2053 


AN  INTRODUCTION  TO  VIBRATION 
AND  SHOCK  SURVIVABILITY.  MEASUREMENT, 
ANALYSIS.  CALIBRATIONS,  AND  TESTING 

Dates  November  7-11, 1977 
Place  Washington,  D.C. 

Objective:  This  course  is  intended  to  provide  a basic 
education  in  resonance  and  fragility  (vulnerability) 
phenomena,  in  vibration  and  shock  environmental 
measurement  and  analysis,  also  in  vibration  and  shock 
testing  to  prove  reliability.  This  seminar  will  benefit 
quality  and  reliability  personnel,  test  laboratory 


managers,  engineers  and  aides,  plant  engineers  and 
maintenance  supervisors,  packaging  and  transporta- 
tion engineers,  men  in  Government  and  military 
activities  and  their  contractors.  There  are  no  definite 
prerequisites  for  this  course. 

Contact:  Tustin  Institute  of  Technology,  Inc.,  22  E. 
Los  Olivos  St.,  Santa  Barbara,  CA  93105  (805) 
963-1124 


THE  15TH  ANNUAL  RELIABILITY 
ENGINEERING  AND  MANAGEMENT  INSTITUTE 

Dates:  November  14  - 18, 1977 

Place:  Tucson,  Arizona 

Objective:  This  seminar,  presented  by  the  Univ.  of 
Arizona,  College  of  Engineering  and  Honeywell 
Information  Systems,  Arizona  Computer  Opera- 
tions, Phoenix,  is  designed  to  cover  the  following 
subjects,  reliability  engineering  theory  and  practice; 
component,  equipment  and  system  reliability  pre- 
diction; reliability  testing  and  demonstration;  main- 
tainability engineering  theory  and  practice;  safety; 
liability;  and  reliability  maintainability  management. 

Contact:  Dr.  Dimitri  Kececioglu,  Aero.  & Mech. 
Engrg.  Dept.,  Univ.  of  Arizona,  Bldg.  16,  Tucson,  AZ 
85721  (602)884-2495/884-3901/884-3054 


ACOUSTICAL  MODELING  WORKSHOP  IV 

Dates:  November  14  - 18, 1977 

Place.  MIT,  Cambridge,  Massachusetts 

Objective:  Participants  will  build  their  own  models, 
take  and  interpret  data  to  solve  complex  acoustic 
propagation  problems.  Sessions  will  consider  applica- 
tions of  data  to  environmental  noise  prediction, 
evaluation  of  noise  control  measures,  and  site  selec- 
tion for  buildings,  roadways  and  guideways.  Some 
subjeas  covered  include  sound  speed,  frequency  and 
geometric  scaling,  air  absorption,  surface  reflectivity, 
impulsive  and  continuous  signals,  spatial  distribution 
of  sources,  interior  and  exterior  noise  situations  artd 
their  characteristics,  effect  of  barriers  and  absorbers 
in  control  of  noise,  control  of  reverberation,  and  the 
use  of  data  in  design. 
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Contact  Ms.  M.  Toscano,  Rm.  3-366,  Acoustical 
Modeling  Workshop  IV,  Massachusetts  Institute  of 
Technology.  Cambridge,  MA  02139 


DYNAMIC  ANALYSIS  WORKSHOP 

Dates  November  14  - 18, 1977 

Place  San  Diego,  California 

Objective  A weeklong  course  will  be  pr  'ed  on 
the  latest  techniques  of  analyzing  noise  and  vibration 
in  rotating  machinery  and  power-driven  structures. 
The  workshop  will  cover  both  the  theory  and  practi- 
cal aspects  of  tracking  down  malfunctions  and  pre- 
venting failures  caused  by  unbalance,  misalignment, 
wear,  oil  whirl,  etc.  Included  in  the  course  will  be 
demonstrations  and  praaical,  hands-on  experience 
with  the  latest  noise  and  vibration  instrumentation: 
Real  Time  Analyzers,  FFT  Processors,  Transfer 
Function  Analyzers  and  Computer -Controlled  Modal 
Analysis  Systems.  Actual  case  histories  and  specific 
machinery  signatures  will  be  discussed. 

Contact:  Bob  Kiefer,  Spectral  Dynamics  Training 
Manager,  P.O.  EJox  671,  San  Diego,  CA  92112 
(714)565-8211 


DECEMBER 


VIBRATION  SURVIVABILITY 

Dates  December  6-10, 1977 

Place  Palo  Alto,  California 

Objective:  Increasing  an  equipment's  ability  to 
survive  in  the  dynamic  environments  of  vibration  and 
shock  will  be  the  main  subjea  of  a 5-day  short  course 
near  San  Francisco.  The  course  will  meet  at  the 
facilities  of  Watkins-Johnson  Co.,  3333  Hillview  Ave. 
in  Palo  Alto,  California.  Among  the  troublesome  vi- 
bration and  shock  environments  to  be  considered  are 
missiles  and  aircraft,  ships,  automotive  vehicles, 
modern  buildings,  and  nuclear  power  plants.  The 
course  is  designed  to  provide  education  in  resonance 
and  fragility  phenomena,  in  environmental  vibration 
and  shock  measurement  and  analysis,  also  in  vibra- 
tion and  shock  testing  to  prove  survivability.  This 
course  will  concentrate  upon  techniques  and  equip- 
ments rather  than  upon  mathematics  and  theory. 

Contact:  Wayne  Tustin,  Tustin  Institute  of  Tech- 
nology, 22  East  Los  Olivos  Street,  Santa  Barbara,  CA 
93105  (805)963-1124 
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NEWS  BRIEFS 


J news  on  currant 
J and  Future  Shock  and 
3 Vibration  activities  and  avantt 


ICNO  ■ Prague  1978 

The  Institute  of  Thermomechanics  of  the  Czecho- 
slovak Academy  of  Sciences  will  organize  the  8th 
International  Conference  on  Non-Linear  Oscillations 
in  Prague,  September  11-16,  1978.  The  Conference 
is  sponsored  by  the  Czechoslovak  Academy  of 
Sciences  in  co-operation  with  the  Academy  of  Sci- 
ences of  the  GDR,  the  Polish  Academy  of  Sciences, 
and  the  Academy  of  Sciences  of  the  Ukrainian  SSR. 

The  conference  will  be  conducted  in  three  topical 
sections: 

I.  The  mathematical  theory  of  non-linear 
oscillations; 

II.  Non-linear  oscillations  in  mechanical  sys- 
tems, 

III.  Non-linear  oscillations  in  electrical  systems. 

The  scientific  program  will  be  supplemented  with  a 
social  and  ladies'  program. 

More  detailed  information  will  be  contained  in  the 
invitations  to  be  distributed  by  the  organizers  of  the 
Conference  at  the  end  of  1977.  It  is  expected  that 
the  full  texts  of  the  papers  will  be  required  for 
publishing  in  the  Proceedings  by  February  1978. 

All  correspondence  concerning  the  Conference  should 
be  addressed  to 

The  ICNO  78  Organizational  Bureau 
Institute  of  Thermomechanics 
Czechoslovak  Academy  of  Sciences 
Puskinovo  nem.  9 
160  00  Pr.iue 6. 


DYNAMIC  ANALYSIS  and  SPACE  SHUTTLE 
DYNAMICS  Sessions  Planned 

The  SAE  Technical  Committee  G-5,  Aerospace  Shock 
and  Vibration,  is  organizing  two  sessions  to  be  pre- 
sented at  the  1977  SAE  Aerospace  Engineering  and 
Manufacturing  Meeting,  November  14  thru  17, 1977, 
Airport  Sheraton  Inn,  Los  Angeles,  California.  The 
title  of  the  two  sessions  are: 

Dynamic  Analysis 
Space  Shuttle  Dynamics 

Information  on  the  finalized  program  may  be  ob- 
tained from: 

R.  \N.  Mustain 

Rockwell  International,  Space  Division 
Mail  Code  AB97, 12214  S.  Lakewood  Blvd. 
Downey,  CA  90241 


CALL  FOR  PAPERS 
INTER-NOISE  78 

"Designing  for  Noise  Control"  will  be  the  theme  of 
INTER-NOISE  78,  the  seventh  International  Con- 
ference on  Noise  Control  Engineering  which  will  be 
held  at  the  Jack  Tar  Hotel,  San  Francisco,  California, 
USA  on  8-  10  May  1978. 

Contributed  papers  are  welcome  as  are  case  histories 
of  solutions  to  noise  control  problems.  Abstracts  of 
contributed  papers  and  contributions  to  the  noise 
clinics  should  be  400  words  in  length.  Three  copies 
of  each  abstract  should  be  submitted  as  soon  as 
possible  to  Daniel  R.  Flynn,  Technical  Program 
Chairman,  National  Bureau  of  Standards,  Washing- 
ton, DC  20234.  The  deadline  for  receipt  of  abstracts 
is  24  October  1977.  For  more  information  contact: 
INTER-NOISE  78,  P.O.  Box  3469,  Arlington  Branch, 
Poughkeepsie,  NY  12603,  USA. 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 

(Also  see  No.  1829) 


77-1725 

Syitem  Properties  of  One-Dimeiuioiial  Distributed 
Systems 

L.S.  Bonderson 

Dept,  of  Mech.  Engrg.,  Arya-Mehr  Univ.  of  Tech., 
Tehran,  Iran,  J.  Dyn  Syst.,  Meas.  and  Control, 
Trans.  ASME,^  (2),  pp  85-90  (June  1977)  6 figs, 
4 refs 

Key  Words:  Continuous  parameter  method 

The  system  properties  of  passivity,  losslessness,  and  reci- 
procity are  defirted  and  their  necessary  and  sufficient  condi- 
tions are  derived  for  a class  of  linear  one-dimensional  multi- 
power  distributed  systems.  The  utilization  of  power  product 
pairs  as  state  variablet  and  the  representation  of  the  dynamics 
in  first-order  form  allows  results  completely  analogous  to 
those  for  lumped-element  systems. 


77-1726 

Perfoimance  SUndarda  in  Dynamics 

N.  Komaroff 

Moorooka,  Brisbane  Q.,  Australia,  J.  Dyn.  Syst., 
Meas.  and  Control,  Trans.  ASME,92  (2),  pp  118-122 
(June  1977)  8 refs 

Key  Words:  Oynsmic  structural  analysis 

A method  to  evaluate  the  performance  of  dynamical  systems 
govarnad  by  ordinary  diffarantM  aquations  is  prasantad. 
It  is  based  on  averaging  functions  describing  system  behavior 
(a.g.,  velocitiat)  over  prescribed  domains  (a.g.,  surfacas) 
in  phasa  spaea.  Quantitativa  msasuras  of  motion  ara  intro- 
ducad  to  indicata  e.g.  how  oscRIatory  or  how  monotone 
would  be  the  response  following  a disturbance.  Examples 
demonstrate  how  thasa  measures  sarva  as  new  design  speci- 
fications w4tosa  rola  is  to  defina,  eompara  and  control  system 
performance  In  a more  comprahansivs  manner.  Another 
application  of  work  Is  to  quelitativa  studies  in  both  the  anal- 
ysis and  synthesis  contexts. 


77-1727 

The  Steady-Slate  Responae  of  Systems  with  Spatially 
Localized  Non-Liiiearity 

W.D.  Iwan  and  R.K.  Miller 

California  Inst,  of  Tech.,  Pasadena,  CA  91125,  Inti. 
J.  Nonlinear  Mech.,  12^(3),  pp  165-173  (Mar  1977) 
5 figs,  5 refs 

Key  Words:  Periodic  response.  Nonlinear  systems 

This  paper  presents  an  approximate  analytical  approach  for 
determining  the  steady-state  response  of  a class  of  systems 
with  spatially  localized  nort-linearity.  Fundamental  properties 
of  the  response  are  identified.  An  example  illustrates  the  na- 
ture and  accuracy  of  the  results  of  the  approximate  analysis. 


77-1728 

Curve  Fitting  of  Aeroelaatic  Tranaient  Reapoiue  Data 
with  Exponential  Fiinctioiu 

R.M.  Bennett  and  R.N.  Desmarais 
Langley  Res.  Center,  NASA,  Langley  Station,  VA., 
In:  NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  43-58  (1976)  (N77-21022) 

N77-21024 

Key  Words:  Curve  fitting.  Transient  response 

The  extraction  of  frequency,  damping,  amplitude,  and  phase 
information  from  unforced  transient  response  deta  is  consid- 
ered. These  quantities  are  obtained  from  the  parameters 
determined  by  fitting  the  digitized  time-history  data  in  a 
least-squares  sense  with  complex  exponential  functions. 
The  highlights  of  the  method  are  described,  arxf  the  results 
of  several  test  cates  are  presented.  The  effects  of  noise  are 
considered  both  by  using  analytical  examples  with  random 
noise  and  by  estimating  the  standard  rfaviation  of  the  para- 
meters from  maximum-likelihood  theory. 


77-1729 

Turbidence  Excited  Frequency  Domain  Damping 
Meaaurement  and  Truncation  Effecta 

J.  Soovere 

Lockheed-California  Co.,  Burbank,  CA,  (n:  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  115- 
142(1976)  (N77-21022) 

N77-21027 

Kay  Words:  Turbulenca,  Fluttar,  Fraquancy  domain.  Modal 
analysit.  Modal  damping,  Laplaca  transformation,  Fourlar 
transform 


47 


Existing  frequency  domain  modal  frequency  and  damping 
analysis  methods  are  discussed.  The  effects  of  truncation  in 
the  Laplace  and  Fourier  transform  data  artalysis  methods  are 
described.  Methods  for  elimirtating  truncation  errors  from 
measured  damping  are  presented.  Implications  of  truncation 
effects  in  fast  Fourier  transform  ar>alysis  are  discussed. 
Limited  comparison  with  test  data  is  presented. 


NUMERICAL  ANALYSIS 


77-1730 

Efficient  Nomerical  Treatment  of  Periodic  Syitems 
with  Application  to  Stablhy  Problems 

P.  Friedmann,  C.E.  Hammond,  and  T.-H.  Woo 
Mechanics  and  Structure  Dept.,  Univ.  of  Calif.,  Los 
Angeles,  CA,  Inti.  J.  Numer.  Methods  Engr.,  1_1  (7), 
pp  1117-1136  (1977)  10  figs,  1 table,  26  refs 
Sponsored  by  the  NASA  Langley  Res.  Center  and 
U S.  Army  Air  Mobility  R&D  Lab. 

Kay  Words:  Numsrical  analysis.  Stability  analysis,  Rotor- 
bladas 

Two  afticiant  numarical  mathods  for  daaling  with  the  stabil- 
ity of  linaar  periodic  systems  are  presented.  Both  methods 
combine  the  use  of  rmjitsrariabla  Floquet-Liapurtov  theory 
with  an  efficient  numaricsl  schema  for  computing  the  transi- 
tion rrtatrix  at  the  artd  of  orta  period.  The  numarical  pro- 
parties  of  thaw  mathods  ara  llustratad  by  mplying  them  to 
the  simpla  parametric  axcHation  problem  of  a fixed  end 
column.  Tha  practical  value  of  theta  methods  is  dtown  by 
mplying  them  to  soma  halicoptar  rotor  blade  aeroelastic 
and  structural  dynamics  problams. 


STABILITY  ANALYSIS 

(SaaNo.  17041 


PARAMETER  IDENTIFICATION 


77-1731 

Nofrimaar  Parameter  Meirtiricatioa  from  a Vibration 
Tert  (Nicbllincnre  Parameter-Ermittlnni^  ana  einem 
Sdi  wifnngas  w mtb) 

H.  Kohler 

Vereinigte  Flugtechniiche  Werke  • Fokker  GmbH, 
Abt.  Ev  421 -L,  2874  Lemwerder,  Z.  Flugwiss,  1^  (1 ), 
pp  50-57  (1977)  6 figs,  3 tables,  7 reft 

(In  (jerman) 


Key  Words:  Parameter  identification.  Vibration  tests 

A theory  for  the  determination  of  the  nonlinear  vibration 
behavior  of  a discrete,  holonomic,  elasto-mechanical  system 
is  described  by  meant  of  a substitute  system  reduced,  after 
a general  survey,  to  two  degrees  of  freedom.  The  method  it 
applied  to  the  nonlinearitiet  in  frequency/angle  of  rotation 
diagrams  of  the  VFW  614  lateral  control  system  measured 
during  a static  vibration  test.  A detailed  discussion  of  the 
overall  vibration  behavior  compared  to  the  linear  theory 
follows. 


77-1732 

Specification  of  Inputs  and  Instrumentation  for 
Flutter  Testing  of  Multivariable  Systems 

N.K.  Gupta  and  W.E.  Hall,  Jr. 

Systems  Control,  Inc.,  Cambridge,  MA,  In:  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  143- 
180  (1976)  (N77-20122) 

N77-21028 

Key  Words:  Flutter,  Testing  techniques.  System  identifica- 
tion 

Tha  application  of  system  identification  methods  in  flutter 
testing  of  aeroelastic  structure  is  discussed.  The  accuracy 
with  which  flutter  parameters  are  estimated  depends  upon 
tha  test  plan  and  on  tha  algorithms  used  to  reduce  the  data. 
The  techniques  for  selecting  the  kinds  and  optimal  positions 
of  inputs  and  instrumentation,  under  typical  test  constraints, 
are  presented.  Identification  results  for  both  the  input/out- 
put transfer  function  and  the  value  of  physical  parameters  are 
given.  Numarical  results  on  the  optimal  input  spectrum  and 
tha  accelerometer  location  for  estimating  flutter  parameters 
of  a two  dimensional  wing  are  obtained  using  these  algo- 
rithms. Current  work  on  applying  system  identification  meth- 
ods to  high  order  three  dimensional  aeroelastic  structures 
is  reported. 


CRITERIA,  STANDARDS, 
AND  SPECIFICATIONS 


77-1733 

Aeoiiatical  Teating  of  BuiMiag  Componenti 

M.W.  Blanck 

Kodaras  Acoustical  laboratories,  Div.  ETL,  Inc., 
Inst.  Environ.  Sci.,  Proc.  23rd  Annual  Mtg.,  Los 
Angeles,  CA,  pp  378-381  (Apr  25-27, 1977) 

Kay  Words:  Startdards  and  codes.  Acoustic  tests.  Mechanical- 
acoustical  systsmt.  Structural  alamonts 
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The  author  reviews  tome  standards,  codes  and  tpacificationt 
for  the  acoustic  testing  of  several  mechanical  and  architec- 
tural building  components. 


SURVEYS  AND  BIBLIOGRAPHIES 


77-1734 

Noiae  Meaaurenient,  Noiae  Rating  (Annual  Survey) 

R.  Martin 

VDI  Z..  m (10),  pp  525-533  (June  1977)  5 figs, 
3 tables,  90  refs 

Key  Words:  Reviews,  Noise  measurement 

Books,  standards,  and  guide  lines  are  reported.  Effects  of 
noite  and  dtair  relation  to  meaaurament  quantities  are  dis- 
cussed. Sound  level  meters  and  dosimeters  are  reported. 
Noite  maasurementt  at  machines,  noite  measurements  at 
vehicles  and  characterization  of  noite  emmistiont are  listed. 


77-1736 

Aircraft  Hydraulic  Syatem  Dynamic  Analyais. 
Volume  1.  - Tranaient  Analyaia  (HYTRAN)  Computer 
Program  Uaer  Manual 

G.  Annies,  R.  Levek,and  D.  Struessel 

McxJonnell  Aircraft  Co.,  St.  Louis,  MO,  Rept.  No. 

AFAPL-TR-7643-Vol-l , 200  pp  (Feb  1977) 

AD-A038  690/4GA 

Key  Words:  Computer  programs.  Aircraft  aquipment.  Hy- 
draulic equipment 

The  hydraulic  transient  analysis  (HYTRAN)  computer  pro- 
gram has  been  developed  to  simulate  the  response  of  a hy- 
draulic system  to  sudden  changes  in  flow  demand  by  the 
system  loads.  For  a telectad  system  temperature,  pump  RPM, 
and  initial  ttaady  state  conditions,  the  program  will  calculate 
the  pressures  and  flow  amplitudes  resulting  from  changes  in 
flow  demand  or  some  other  controller  input.  It  will  predict 
transient  pressures  due  to  water-hammer  and  the  onset  of 
cavitation  due  to  the  opening  attd  closing  of  valves. 


77-1735 

Bond  Craph  Bibliography  for  1961  - 1976 

V.D.  Gebben 

Lew  Research  Center,  Cleveland,  OH,  J.  Dyn.  Syst., 
Mees.  end  Control,  Trans.  ASME,92  (2),  pp  143-145 
(Juo’  1977) 

Key  Words:  Bibliographies,  Bottd  graph  techniques 

This  bibliography  updates  the  list  published  by  O.C.  Karnopp 
and  R.C.  Rosenberg  in  the  "Speciel  Issue  on  Bond  Graph 
Modeling  for  Engineering  Systems,"  Journal  of  Dyrtamic 
Systems,  Measurements,  ai'd  Control,  Trans.  ASME,  Vol.  94, 
No.  3,  1972,  pp  1 77-1 78.  It  lists  6 books  and  1 14  reports  and 
is  dividad  into  1 1 sectiora.  The  last  category.  Related  Sub- 
iacts,  gives  soma  references  to  reports  that  are  directly  related 
to  bottd  graph  theory.  Background  material  such  at  datsical 
network  theory  and  graph  theory  is  not  included. 


COMPUTER  PROGRAMS 


GENERAL 

(Alto  see  Nos.  1778, 1788, 1796, 1792,  1868) 


77-1737 

Aircraft  Hydraulic  Syatem  Dynamic  Analysis. 
Volume  II.  - Tranaienf  Analysis  (HYTRAN)  Compu- 
ter Program  Technical  Description 

G.  Amies.  R.  Levek.and  D.  Struessel 

Mcdonnell  Aircraft  Co.,  St.  Louis,  MO,  Rept.  No. 

AFAPL-TR-76-43-VOI-2.501  pp  (Feb  1977) 

AD-A039  037/7GA 

Key  Words:  Computer  programs.  Aircraft  aquipment.  Hy- 
draulic aquipment.  Transient  response 

The  hydraulic  transient  analysis  (HYTRAN)  computer  pro- 
gram hat  been  developed  to  simulate  the  response  of  a 
hydraulic  system  to  sudden  changes  in  flow  demartd  by  the 
system  loads.  For  selected  component  temperatures,  pump 
RPM,  and  initial  steady  state  conditions,  the  program  will 
calculate  the  pressures  and  flow  amplitudes  resulting  from 
changes  in  flow  demand  or  some  other  controllsr  input. 
It  will  predict  transient  pressures  due  to  water-hammer  and 
the  ortset  of  cavitttion  due  to  the  opening  and  closing  of 
valves. 


77-1738 

Aircraft  Hydraulic  Syatem  Dyuainsr  Auaiyaia. 
Volume  III.  - Frequety  Re^sauae  (HSFR)  Computer 
Program  User  Maaual 

G.  Amies  and  B.  Greene 

Mcdonnell  Aircraft  Co.,  St.  Louis,  MO,  Rept.  No. 
AFAPL-TR-76-43-VOI-3,  77  pp  (Feb  1977) 

AD-A038  601  2/GA 
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Key  Words:  Computer  programs.  Aircraft  equipment.  Hy- 
draulic equipment.  Acoustic  excitation.  Pumps 

The  hydraulic  system  frequency  response  IHSFR)  computer 
program  was  developed  to  simulate  the  dyrtamic  response  of 
a hydraulic  system  to  the  acoustic  noise  generated  by  the 
pump.  Detailed  ittstructioru  for  modeling  the  system  pump, 
lines,  and  components,  and  for  using  the  program  are  pre- 
sented. For  a selected  system  pressure,  temperature,  flow, 
and  pump  speed  range,  the  program  calculates  the  pulsation 
pressure  and  energy  levels  generated  by  the  pump.  It  predicts 
the  amplitude  and  location  of  the  resulting  acoustical  stand- 
ing waves,  and  how  these  waves  are  transmitted  and  atten- 
uated throughout  the  hydraulic  system.  The  program  may  be 
used  for  acoustical  analysis  in  the  pressure  side  or  both  the 
pressure  artd  return  sides  of  the  hydraulic  system. 

77-1739 

Aircraft  Hydraulic  Syateni  Dynamic  Analysis. 
Volume  IV.  Frequency  Response  (HSFR)  Computer 
Program  Technical  Description 

G.  Amies  and  B.  Greene 

McxJonnell  Douglas  Corp.,  St.  Louis,  MO,  Rept.  No. 
AFAPL-TR-7643-Vol-4,200  pp  (Feb  1977) 

AD-A038  884/3GA 

Key  Words:  Computer  programs.  Aircraft  equipment.  Hy- 
draulic equipment.  Acoustic  excitation.  Pumps 

The  hydraulic  system  frequency  response  (HSFR)  computer 
program  was  developed  to  simulate  the  dynamic  response  of 
a hydraulic  system  to  the  acoustic  noise  generated  by  the 
pump.  A detailed  technical  description  of  the  program  is 
presented.  For  a selected  system  pressure,  temperature,  flow, 
artd  pump  speed  range,  the  program  calculates  the  pulsation 
pressure  and  energy  levels  generated  by  the  pump.  It  predicts 
the  amplitude  and  location  of  the  resulting  acoustical  stand- 
ing waves,  and  how  these  waves  are  transmitted  and  attenu- 
ated throughout  the  hydraulic  system.  The  program  may 
be  used  for  acoustical  analysis  in  the  pressure  side  or  both  the 
pressure  and  return  sides  of  the  hydraulic  systsm.  Estimatsd 
line  lartgths  arsd  sizas  from  pralimittary  design  svork  give  a 
good  astimsta  of  hydraulic  systam  natural  frequencies  and 
pressure  amplitudes.  The  program  outputs  plots  of  the  peak 
flow,  prsasurs,  stkI  knpsdsrKe  amplitudst  of  any  selectsd 
harmonic  of  ths  puisafion  noiss  vrrsus  pump  speed  for 
sslactsd  locations  In  the  system.  In  addition,  ths  program 
outputs  plots  of  total  acoustic  srtergy  density  and  intensity 
(power  1 versus  pump  speed. 

77-1740 

Noaliaear  Mo4el  Solislioii  Froce«;  Eaeigy  Approach 

S.M.  Flolzer  and  A.E.  Somers 
Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacks- 
burg, VA,  ASCE  J.  Engr.,  Mech  Div.,  103  (EM4) 
pp  629-647  (Aug  1977)  9 figs,  33  refs 
Sponsored  by  the  AF  Weapons  L^.,  Kirtland  AFB 


Key  Words:  Computer  programs.  Mathematical  models. 
Structural  elaments.  Reinforced  concrete.  Beam  columns. 
Finite  element  technique 

The  paper  provides  a comprehensive  treatment  of  the  mathe- 
matical modal  and  solution  process  of  the  computer  code 
SINGER.  The  function  of  SINGER  it  to  predict  the  geo- 
metrically and  physically  nonlinear  response,  including 
element  failures  and  structural  collapte,  of  skeletal  reinforced 
concrete  and  steel  structures  to  static  and  dynamic  loads. 
The  model  of  SINGER  represents  an  assemblage  of  one- 
dimensional finite  elements,  which  is  expressed  in  the  form  of 
an  energy  function.  The  solution  process  is  based  on  function 
minimization.  A selection  of  test  problems  it  presented  to 
provide  an  indication  of  the  capability  of  SINGER. 


NATURAL  FREQUENCY 


77-1741 

Applicatioiu  of  GIFTS  III  to  Structural  Engineering 
Problems 

H.A.  Kamel  and  M.W.  McCabe 
Aerospace  & Mech.  Engrg.  Dept.,  Univ.  of  Arizona, 
Tucson,  AZ  85721,  Computers  and  Struc.,_7  (3), 
pp  399-415  (June  1977)  23  figs,  1 table,  5 refs 

Key  Words:  Computer  program.  Finite  element  technique. 
Graphic  methods 

This  paper  describes  the  latest  version  of  the  GIFTS  system 
(Graphics  Oriented  Interactive  Finite  Element  Package  for 
Time-Sharing),  due  for  release  at  the  end  of  March  1976. 
This  paper  gives  a description  of  the  program  modules  avail- 
able ir<  the  GIFTS  library  and  the  options  available  within  its 
framework.  Examples  are  given  to  demonstrate  the  use  of 
GIFTS  in  dasign-orientad  applications.  Some  performance 
measuraments  are  itKiudad.  GIFTS  features  include  automa- 
tic model  and  load  generation,  generation  and  display  of 
higher  order  elements,  display  of  mode,  loads,  boundary 
conditions,  deflactions  and  strassas,  uitability  for  use  as  a 
pre-  and  post-  processor  for  large  batch  programs,  static  analy- 
sis capabilities  for  truaas,  frames,  membranes,  plates  and 
shells,  vibrational  mode  computation  for  complex  structures, 
transient  response  analysis  using  either  direct  integration  or  a 
modal  analysis  approach,  lubstructuring  artd  constrained  tub- 
ttructurirtg,  mixed  boundary  cottditiofn,  and  thermal  stresses. 
Three  examples  have  been  chosen  (or  inclusion  in  this  paper. 
They  iHustrate  tome  of  the  more  important  aspects  of  the 
GIFTS  III  system.  These  examples  include  the  analysis  of  a 
three-dknattsional  framework,  vibratioital  mode  computation 
of  an  aircraft  wiitg  and  the  analysis,  usirtg  substructures,  of 
a bulk-ore  carrier. 
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ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos.  1759,  1843) 


77-1742 

Some  Experimental  Data  for  the  Design  of  Acoustic 
Arrays 

M.  Pappalardo 

Istituto  O.M.  Corbtno,  Via  Cassia,  1216,  Rome.  Italy, 
J.  Sound  Vib.,  W (4),  pp  579-586  (June  22,  1977) 
5 figs,  1 table,  7 refs 

Key  Words:  Acoustic  arrays 

The  frequency  spectra  of  resonant  vibration  of  a PZT4 
piezoelectric  plate  was  observed,  for  width-to-thickness 
ratios  ranging  from  0-3  to  4-0.  The  results  give  useful  infor- 
mation for  the  design  of  line  arrays  applicable,  for  example, 
to  medical  diagnostic  sonars.  The  effect  of  backing  and  im- 
pedance matching  on  PZT4  ceramic  slabs  vras  also  studied 
experimentally. 


77-1743 

Investigation  of  the  Trade-Off  Effects  of  Aircraft 
Noise  and  Number 

C.G.  Rice 

Inst,  of  Sound  and  Vibration  Res.,  Univ.  of  South- 
ampton, Southampton  S09  5NH,  UK,  J.  Sound  Vib., 
52  (3),  pp  325-344  (June  8,  1977)  1 1 figs,  15  tables, 
8 refs 

Sponsored  by  the  Science  Res.  Council 

Key  Words:  Aircraft  noiae.  Human  response.  Measurement 
techniques 

This  paper  describes  a laboratory  study  which  invastigeted 
a trade-off  between  aircraft  noise  level  and  number  of  evenu. 
The  method  davelopad  for  making  judgments  over  periods 
of  tima  and  the  experimental  design,  were  such  that  date 
could  be  interpreted  in  tanhs  of  Scandinavian.  UK  and  USA 
social  survey  results. 


77-1744 

Development  of  Cumulative  Noiae  Measure  for  the 
Prediction  of  General  Annoyance  in  an  Average 
Population 

C.  G.  Rice 

Inst,  of  Sound  and  Vibration  Res.,  Univ.  of  South- 
ampton, Southampton  S09  5NH,  UK,  J.  Sound  Vib,, 
52  (3),  pp  345-364  (June  8,  1977)  1 1 figs,  13  tables, 
1 1 refs 

Key  Words:  Aircraft  noise.  Traffic  noise.  Human  response 

This  paper  describes  a laboratory  investigation  into  the  con- 
cept of  using  a unified  irtdex  for  the  prediction  of  anrtoyance 
from  aircraft  and  traffic  noise  heard  over  periods  of  time. 


77-1745 

Predicting  Community  Response  to  Road  Traffic 
Noise 

F.L.  Hall  and  S.M.  Taylor 

Dept,  of  Geography.  McMaster  Univ.,  Hamilton, 
Ontario,  Canada,  J.  Sound  Vib.,^  (3),  pp  387-399 
(June  8, 1977)  2 figs,  Stables,  19  refs 

Key  Words:  Traffic  noise.  Human  response 

Several  problems  related  to  identifying  the  potential  future 
impacts  of  road  traffic  noise  on  residential  areas  require  for 
their  solution  the  ability  to  predict  subjective  response  to 
road  traffic  noise.  Thera  has  been  no  reported  test  of  whether 
or  not  the  data  used  meet  the  assumptions  of  the  regression 
model.  This  is  the  main  difficulty  in  using  existing  regression 
equations  relating  subjective  response  and  traffic  noise  for 
such  predictions.  If  the  assumptions  ere  not  met,  the  repli- 
cability of  the  results  and  hence  the  reliability  of  the  pre- 
dictions, as  measured  by  confirlence  limitt  or  standard  errors, 
cannot  be  astablished,  because  such  inference  rests  on  the 
statisticat  assumptions. 


77-1746 

Laboratory  Studies  on  Traffic  Noise  Annoyance 

R.  Rylander,  E.  Sjastedt,and  M.  BjSrkman 
Dept,  of  Environ.  Hygiene,  Univ.  of  Gothenburg, 
Gothenburg.  Sweden,  J.  Sound  Vib.,  52.  (3).  PP  ^15- 
421  ( 'une  8, 1977)  1 fig,  5 tables,  7 refs 

Key  Words:  Traffic  noisa.  Human  rssponsa,  Expsrimsntal 

data 
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A laboratory  study  was  undertaken  to  investiQate  the  rela* 
tion  between  traffic  noise  and  annoyance  with  special  refer- 
ence to  the  number  of  noisy  events.  Students  were  exposed 
to  different  noise  conditions  for  45  and  120  minutes  where- 
after their  reactions  were  assessed  using  a questionrtaire. 


PERIODIC 

77-1747 

Inipact  of  a Rigid  Body  on  an  Elastic  Half  Space 

G.N.  Bycroft 

Seismic  Engrg.  Branch,  U.S.  Dept,  of  the  Interior, 
Geological  Survey,  Menlo  Park,  CA,  J.  Appl.  Mech., 
Trans.  ASME.  M (2),  pp  227-230  (June  1977) 

Key  Words:  Impact  shock.  Periodic  response.  Plates 

A Fourier  synthesis  of  the  steady-state  vibrations  of  a rigid 
plate  on  an  elastic  half  space  is  used  to  determine  the  decel- 
eration and  penetration  of  a rigid  body  impacting  an  elastic 
half  space  over  a flat  circular  area.  In  order  to  obtain  a 
satisfactory  solution,  it  is  necessary  to  integrate  to  a large 
value  of  the  frequency  factor.  The  theoretical  values  are 
compared  with  some  simple  experiments  on  lead  ar>d  Neo- 
prene. 


RANDOM 

77-1748 

Behaviour  of  BiaUble  Oacilatory  Syatein  with  Ran- 
dom External  Force 

K.  Shirai,  K.  Akizuki.and  T.  Yamada 

Waseda  Univ.,  Tokyo,  Japan,  Bull,  JSME,  20  (143) 

pp  548-553  (May  1977)  4 figs,  7 refs 

Kay  Words:  Oscillators,  Vibratirtg  structuras.  Random 
axcitation 

In  this  papar  an  oscillatorv  systam  which  has  two  stabla 
oscillatory  modes  ar<d  is  disturbad  by  random  axtarnal  forca 
is  considarad.  In  tha  datarministic  casa,  tha  state  settles  to  a 
stabla  point  vshich  is  datarmined  by  tha  initial  condition. 
If  tha  random  input  is  appliad  to  this  system,  an  interesting 
statistical  phanomanon  is  seen  that  tha  state  moves  between 
both  modes.  For  the  oscillatory  systems  the  averaging  meth- 
od is  useful.  The  stochastic  differential  aquations  in  regard 
to  tha  amplitude  and  phase  are  obtained  and  tha  system  it 
analyxad  on  tha  basis  of  them.  First  tha  behavior  of  tha  stea- 
dy state  is  considerad.  Secondly  tha  first  passage  time  prob- 
lem, namely  the  time  which  tha  state  takas  to  make  transi- 
tion to  another  stabla  area  leaving  one  stabla  area,  it  discus- 
sed. Tha  analytic  results  are  compared  with  those  obtained 
by  tha  digital  simulation. 


77-1749 

Ceneralized  Ctunulanta  Repreaenting  a Transient 
Random  Process  in  a Linear  System 

A.  Mayer 

Optical  Technology  Div.,  The  Perkin-Elmer  Corp., 
Danbury,  CT,  J.  Dyn  Syst.,  Meas.  and  Control,  Trans. 
ASME,  99  (2),  pp  103-108  (June  1977)  4 figs,  18  refs 

Key  Words:  Random  vibration.  Linear  systems 

The  state  vector  of  a linear  system  responding  to  gautsian 
noise  satisfies  a Langevin  equation,  artd  the  moment-generat- 
irtg  function  of  the  probabiiity  distribution  of  the  state 
vector  satisfies  a partiai  differentiai  equation.  The  iogarithm 
of  the  moment-generating  function  is  expanded  in  a power 
series,  whose  coefficients  era  organized  into  a sequerKe  of 
symmetric  tensors.  These  are  the  generalized  cumuiants  of 
The  time-dependent  distribution  of  the  state  vector.  They 
separateiy  satisfy  an  infinite  sequence  of  urKoupled  ordinary 
differential  tensor  equations.  The  normal  modes  of  each  of 
the  generalized  cumuiants  are  given  by  an  easy  formula.  This 
specifies  transient  response  and  proves  that  all  cumuiants 
of  a stable  system  are  stable.  Also,  all  cumuiants  of  an 
unstabla  systam  are  unstable.  At  an  example,  a particular 
non-gautsian  initial  distribution  is  assumed  for  the  state 
vector  of  a second-order  tracking  system,  artd  the  transient 
fourth  cumulant  it  calculates. 


77-1750 

Synthegiaof  Multivarutc  Random  Vibration  Systema: 
A Two-Stage  Leant  Squares  AR-MA  Model  Ap|.>roach 

W.  Gersch  and  J.  Yonemoto 

Dept,  of  Information  and  Computer  Sciences,  Univ. 
of  Hawaii,  Honolulu,  Hawaii  96822,  J.  Sound  Vib., 
52  (4),  pp  553-565  (June  22,  1977)  3 figs,  3 tables, 
29  refs 

Key  Words:  Random  vibration.  Mathematical  models.  Least 
squares  method 

A parametric  time  series  model  procedure  for  the  synthesis 
of  multhrariats  stationary  time  series  random  vibrations  it 
shown.  Tha  vibrationt  are  attumad  to  be  the  outputs  of  a 
ra^jlarly  sampled,  random  noise  excited,  differential  aqua- 
tion modal  of  a vibration  system.  Tha  procedure  is  a two- 
stage  Isast  squares  method  for  realiziitg  a multivariate  dis- 
crete time  mixed  autoregressive-moving  average  (AR-MA) 
model  from  a given  statiorury  process  matrix  covariance 
function.  Tha  synthesis  procadura  and  the  problem  of  the 
minimal  representation  of  multivariate  output  systems  and 
tha  overparamatarization  of  AR-MA  modals  are  discussed  and 
Ulustratad. 
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Stationary  Random  Vibration  of  Hyateretic  Systems 

H.  Takemiyaand  L.D.  Lutes 

Okayama  Univ.,  Okayama,  Japan,  ASCE  J.  Engr. 
Mech.  Div.,  103  (EM4).  pp  673-687  (Aug  1977)  5 
figs,  1 table  15  refs 

Key  Words:  Random  vibration,  Hysteretic  damping.  Equi- 
valent linearization  technique 

A rigorous  derivation  of  the  modified  power  balance  method 
is  given  for  general  yielding  systems.  It  it  demonstrated  that 
the  physical  meaning  of  the  equivalent  linearization  criteria 
derived  by  the  mean-square  minimization  (Krylov-Bogoliu- 
bov)  method  are  the  equivalency  of  the  dissipative  and  po- 
tential energies  of  the  linear  and  nonlinear  systems.  Thus, 
linearization  by  power  balance  can  be  the  tame  as  by  mean- 
square  minimization.  Simple  gradient-stiffness  approxima- 
tions for  the  amplitude-dependent  average  frequency  of 
hysteresis  cycles  and  the  overall  average  frequency  of  random 
response  are  presented  for  systems  of  Masing's  type.  In  addi- 
tion to  the  previously  studied  bilinear  hysteretic  system,  the 
method  is  applied  to  compute  rmt  response  levels  of  tril inear 
hysteretic  and  Ramberg-Otgood  type  systems. 
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Oscillator  Response  to  Modulated  Random  Excita- 
tion 

R.B.  Corotisand  T.A.  Marshall 
Northwestern  Univ.,  Evanston,  IL,  ASCE  J.  Engr. 
Mech.  Div.,  103  (EM4)  pp  501-513  (Aug  1977) 
5 figs,  20  refs 

Key  Words:  Random  vibration.  Spectral  energy  distribution 
technique.  Earthquake  response 

A closed-form  expression  for  the  response  power  spectral 
density  function  is  derived  for  the  case  of  exponentially 
modulated  stationary  exenation  as  an  extension  of  the 
Heaviside  cate.  A simply  analytical  expression  it  obtained  for 
the  mean-square  response  due  to  broad-band  input  when  the 
excitation  modulation  can  be  exprattad  as  the  sum  of  expo- 
nential terms.  Examples  are  presented  to  graphically  compare 
the  response  for  oscillator  parameters  typical  of  structures 
and  two  modulations  approximating  earthquake  excitation. 
Numerical  calculation  of  the  first  passage  probabilities  based 
on  the  two-state  Markov  approach  parmKs  a comparison  of 
the  stationary,  Haavisida,  and  exponential  excitation  anvel- 
opas. 


SEISMIC 

(Also  tee  Not.  1762.  1766,  1790,  1834,  1860) 


77-1753 

Reaponae  of  Partially  FiDed  Liquid-Storage  Circular 
Cylindrical  Tank  with  or  without  an  Interior  Cylin- 
drical Baffle  under  Seiamic  Actiona  Uaing  Finite 
Element  Technique 

S.H.  Shaaban 

Ph.D.  Thesis,  Univ.  of  Massachusetts,  237  pp  (1977) 
UM77-15,121 

Key  Words;  Tanks  (containers).  Fluid-filled  containers. 
Seismic  response.  Finite  element  technique 

The  structure  under  consideration  is  an  elastic  cylindricai 
iiqukf  storage  tank  attached  to  a rigid  base  slab.  The  tank  it 
either  empty  or  filied  to  an  arbitrary  depth  with  an  invitcid, 
incompressible  liquid.  A finite  element  analysis  is  presented, 
for  both  tank  and  liquid,  to  investigate  the  free  vibration  of 
the  coupled  system  permitting  determination  of  natural 
frequencies  and  associated  mode  shapes.  Sanders  shell  theory 
it  employed  to  express  the  strain-displacements  relationship 
in  the  derivation  of  the  shell  finite  element.  The  response 
of  the  tank  to  artificial  earthquake  excitation  it  alto  deter- 
mined. Similar  investigations  are  performed  with  the  addi- 
tion of  an  elastic  cylindrical  perforated  baffle  to  control  the 
system  natural  frequencies. 


SHOCK 

(Also  see  Nos.  1781 , 1789,  1827) 


77-1754 

Air  Blast  Measurement  Technology 

D.C.  Sachs  and  E.  Cole 

Kaman  Sciences  Corp.,  Colorado  Springs,  CO,  Rept. 
No.  K-76-38U(R).  DNA-4115F.  204  pp  (Sept  1976) 
AD-A038  321/6GA 

Key  Words:  Air  blast.  Transducers,  Measuring  instruments. 
Shock  tube  tests.  Nuclear  weapons  effects 

Primary  objecthret  of  the  project  are  to  establish  a baseline 
regarding  currently  available  transducers  and  measurement 
technology  for  the  study  of  air  blast  phenomena.  This  pro- 
ject represents  an  effort  toward  improvements  in  existing 
sensors  and  maasuremant  practices  through  understanding 
and  dissemination  of  information  at  well  at  a search  for 
techniques  to  maasura  paramatars  that  are  being  measured 
with  limited  success  or  not  at  all.  The  study  it  focused  on 
measurements  of  sir  blast  paramatart  associated  with  peak 
overprstsurat  above  140  N/sq.  cm.  1200  psil  that  are  rslatsd 
to  HE  tests  and  large-scale  axplosivaly-driven  shock  tubas 
dasignad  to  simulata  the  air  blast  affects  and  anvlrorsmant 
from  a nuclear  explosion. 
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Stnictural  Reaponw  to  Simulated  Nuclear  Over- 
pressure 

R.P.  Syring,  T.G.  Swaney,  W.D.  Pierson,  G.M.  Camp- 
bell, and  D.W.  Garrison 

The  Boeing  Co.,  Inst  Environ.  Sci.,  Proc.  23rd 
Annual  Mtg.,  Los  Angeles,  CA,  pp  324-333  (Apr  25- 
27,  1977)  7 figs,  4 tables,  4 refs 
Sponsored  by  the  Headquarters  Defense  Nuclear 
Agency  and  the  Air  Force  Weapons  Lab. 

Key  Words:  Aircraft,  Structural  etemantt.  Blast  resistant 
design.  Nuclear  weapons  effects 

This  paper  presents  a comparison  of  analyticsl  and  experi- 
mental results  regarding  the  response  of  basic  structural 
elements  to  a simulated  nuclear  overpressure  environment 
and  a uniform  externally  applied  static  pressure  field.  The 
test  specimens,  which  are  representative  of  elamants  found  in 
aircraft  structure,  consist  of  flat  and  curved,  stiffened  and 
unstiffened  panels,  skin/frame  cylinders,  and  columns.  In- 
cluded are  a wide  variety  of  boundary  conditions,  failure 
mechanisms,  and  construction  types.  The  paper  discusses 
enhancement  of  the  free  field  dtock  environment  due  to 
interaction  with  the  test  specimens,  magnification  of  struc- 
tural response  obtained  from  comparing  response  of  struc- 
ture to  shock  loads  versus  response  to  static  loads,  relation- 
ship between  structural  response  characteristics  and  struc- 
tural type,  test  facilities,  test  techniques,  and  analysis  results 
obtained  from  an  AFWL  computer  program  that  idealizes 
structure  as  two  dimensiottal  models. 


77-1756 

Model  Study  of  Dynamic  Reaponae  of  Landing  Mat 

F.W.  Kiefer,  V.T.  Christiansen,  and  P.T.  Blotter 
Utah  State  Univ.,  Logan,  UT,  ASCE  J.  Engr.  Mech. 
Div.,  103  (EM4),  pp  659-672  (Aug  1977)  11  figs, 
2 tables,  1 5 refs 

Sponsored  by  the  AF  Weapons  Lab.,  Kirtland  AFB 

Key  Words:  Landing  pads.  Dynamic  response.  Landing  diock. 
Mathematical  models 

A 1/7  scale  model  is  developed  that  simulates  the  dynamic 
response  of  AM2  larKfing  mat  subjected  to  C-SA  aircraft 
landings.  The  fundamental  variablas  include  length,  material 
stiffness,  density,  aircraft  decalaration  artd  velocity,  coeffi- 
ciems  of  friction,  tire  pressure,  artd  soil-mat  intaraction. 
The  model  is  validated  by  simulating  a buckling  failure  In 
prototype  AM2  mat  at  Dyast  Air  Force  Base.  Five  runway 
modifications  are  tasted:  Restraint  by  pratensiortad  bands 
riveted  to  the  mat  surface;  diagonal  laying  pattarn;  irwraasad 
friction  at  the  mat-subgrade  interface;  daats  attached  to  the 
undarskfa  of  the  mat;  and  longitudinal  stiffanars. 
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Craihworthineas  Engineering  of  Automobilea  and 
Aircraft:  Progress  and  Promise 

R.J.  Melosh 

MARC  Analysis  Res.  Corp.,  Palo  Alto,  CA,  J.  Air- 
craft, 14  (7),  pp  693-698  (July  1977)  1 table,  102 
refs 

Key  Words:  CoHision  research  (automotivel.  Crash  research 
(aircraft).  Crashworthiness 

This  paper  reviews  progress  made  in  improving  the  techno- 
logical resources  of  crashworthiness  engineering:  physical 
testing  developments,  analytical  simulation  tachniques,  and 
inventions  and  design  tools.  It  defines  some  of  the  unre- 
solved problems  associated  with  development  of  design  tools 
by  discussing  modeling  of  structures  arxl  exteriors.  It  con- 
cludes that  physical  test  technology  is  well  advanced  for  high- 
way vehicles,  and  that  available  mathematical  models,  princi- 
pally for  structures  and  bioengineering,  are  of  limited  value 
because  of  inadequate  work  in  assuring  numerical  modeling 
fidelity  and  strengthening  test-analysis  correlation,  afxf  that 
significant  improvements  in  crashworthiness  of  in-use  vehicles 
awaits  more  design  tools. 


GENERAL  WEAPON 
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Blast  from  Moving  Guns 

D.G.  Mabey  and  D.S.  Capps 

Royal  Aircraft  Establishment,  Bedford,  UK,  J.  Air- 
craft, 14  (7),  pp  687-692  (July  1977)  12  figs,  4 
tables,  1 1 refs 

Key  Words:  Gunfire  effects.  Weapons  affacts 

To  Investigate  the  blast  loads  from  the  guns  of  military  air- 
craft, a 7j62-mm  caliber  rifle  was  fired  in  the  RAE  3-ft  X 
3-ft  wind  tunnel  over  the  speed  range  from  M-0  to  1.8,  arKi 
over  a wide  range  of  static  pressures.  The  blar  wave  arrival 
times  and  the  local  static  pressure  ratios  were  measured  by 
transducers  mounted  on  an  adjacent  plate,  offset  at  spacings 
of  10,  20,  and  30  calibers.  These  measurements  generally 
were  well  correlated  by  Smith's  theory,  both  with  respect 
to  the  variation  of  spaed  and  pressure.  However,  downstream 
of  the  muzzle,  discrapatKies  between  the  maasuraments  and 
the  theory  increased  with  spaed,  particularly  when  the  plate 
was  closest  to  the  gun. 
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TRANSPORTATION 

(Also  see  Nos.  1743,  1744,  1745,  1746,  1757) 
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A Statiatkal  Theory  for  Road  Traffic  Noiae  Based 
on  the  Composition  of  Component  Response  Waves 
and  Its  Experimental  Confirmation 

M.  Ohta,  S,  Yamaguchi.  and  H.  Iwashige 
Dept,  of  Electrical  Engrg.,  Hiroshima  Univ.,  Hiro- 
shima, Japan,  J.  Sound  Vib.,  5^  (4),  pp  587-601 
(June  22,  1977)  5 figs,  9 refs 

Key  Words:  Traffic  noise,  Statistical  analysis 

Nona  of  the  existing  standards,  which  express  the  needs 
of  engineers,  consider  correlation  properties  of  traffic  noise. 
But  the  correlation  properties  of  traffic  noise  often  teem  to 
have  a fundamental  importance  in  certain  engineering  fields 
of  noise  control,  such  at  the  design  of  barriers  for  sound 
insulation  and  the  detection  of  voices  in  noisy  out-of-doors 
situations.  In  this  paper  the  correlation  properties  in  the  time 
domain  and  the  frequency  characterittict  of  the  sound  In- 
tartsity  at  an  obeervation  point  are  ditcuttad.  The  equivalence 
problem  of  replacing  the  several  lanes  of  the  road  by  a 
rapretantative  tingle  lane  it  alto  ditcuttad  in  detail,  at  an 
applicatioct  of  the  statistical  method.  Finally,  the  values 
obtained  from  the  theoretical  axprastiont  for  several  kinds 
of  correlation  functions  of  lowar  and  hit^ar  orders  are 
compared  with  exparimantal  values,  at  obtained  by  use  of 
the  digital  simulation  technique. 
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(Also  see  No.  18521 
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The  MeaMrement  of  Dynamic  Young’f  Modulus  in 
Composite  lAuninatea 

Y.F.  Cheng 

Watervliet  Arsenal  *'*'  ""'t.  No.  W\/T-TR-77(X)5, 
16  pp  (1977) 

AD-A038  180/6GA 

Key  Words:  Composite  matarlalt,  Lsminstat,  Vibration 
maasuremant,  Maasurament  techniques.  Modulus  of  slasti- 
city 


The  ajitability  of  tha  resonance-free  vibration  method  and 
the  impact  method  in  the  meeturirtg  of  the  dynamic  Young's 
modulus  in  boron  aluminium,  fibreglass-epoxy  and  borort- 
epoxy  laminates  hat  been  studied.  It  it  condudad  that,  in 
tha  dynamic  characterization  of  fibre-reinforced  laminate 
materials,  the  resonance-free  vibration  method  it  preferable 
to  the  impact  method. 
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Asymptotic  Analysia  of  the  Possibilities  of  Making 
Use  of  Non-Linear  Effects  in  Acoustic-Diagnostics 
of  Layered  Media 

U.  Nigul 

Inst,  of  Cybernetics,  Lenin  Ave  10,  200104  Tallinn, 
Estonian  S.S.R.,  USSR,  Inti.  J.  Nonlinear  Mech., 
1_2  (3),  pp  153-163  (Mar  1977)  4 figs,  1 table,  6 refs 

Key  Words:  Laminates,  Diagnostic  techniques.  Acoustic 
techniques.  Nonlinear  response 

The  asymptotic  formulae  derived  by  the  author  earlier  for 
description  of  the  small  nonlinear  distortion  of  tha  one- 
dimansional  finite  pulses  in  the  layered  madia  are  used  for 
obtaining  the  solution  of  the  inverse  problems  of  information 
axtraction  on  the  properties  of  the  layered  madia  from  the 
non-linear  distortion  of  the  echo-pulses.  It  is  shown  that, 
when  by  proceuing  of  tha  echo-pulses  on  the  basis  of  the 
linear  theory  it  is  pouible  to  establish  only  tha  impedance 
ratios  of  the  layers  and  the  delay-time  for  each  of  them,  than 
by  procassirtg  of  the  echo-pulses  on  the  basis  of  tha  non- 
linear  theory  it  is,  in  principle,  pouible  to  obtain  for  each 
layer  tha  following  additional  data:  the  thkknen,  the  velo- 
city of  wave  propagation,  and  the  coefficient  of  nonlinearity 
of  material. 


DAMPING 

(Also  see  No.  1818) 
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Tonion  Damper 

J.  Kirshenboim  and  Z.  Rigbi 

Engr.  Mat).  Des.,  21  (5),  pp  45-47  (May  1977)  5 figs 

Key  Words:  Coulomb  friction.  Dampers 

Tha  Rubber  and  Plastict  Research  Association  (RAPRA) 
davalopad  and  described  a damper  lor  linear  motion  batad 
on  tha  resiststtca  artoountarad  whan  a loaded  rigid  cylinder 
roHs  on  a rubber  layer.  Although  the  Association  did  foresee 
tha  use  of  a rotary  damper  In  one  of  its  patents,  the  idea 
waa  not  devdopad.  PertnMon  of  RAPRA  was  obtained  for 
tha  devalopmentt  described  in  this  paper. 
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(Also  see  No.  1 7601 


77  1 763 

The  Influence  of  Support  Characteristics  on  the 
Stability  of  an  Elastic  System  Subjected  to  a Circu- 
latory Force 

G.L.  Anderson 

Watervliet  Arsenal,  NY.  Rept.  No.  WVT-TR-77008, 
34pp(Mar  1977) 

AD  A037  929/7GA 

Key  Words:  Elastic  foundations,  Pendulum,  Flutter 

The  stability  of  a vertical  double  pendulum  with  elastic 
joints,  mounted  on  a platform  whose  horizontal  motion  is 
constrained  by  an  elastic  spring  and  subjected  to  circulatory 
force,  it  examined.  Attention  is  focused  on  the  determination 
of  the  critical  loads  of  divergence  and  flutter  at  functions  of 
the  platform  matt  and  sprirtg  ttiffnatt  parameters,  which 
characterize  the  effects  of  the  support  on  the  stability  of  the 
double  pertdulum.  The  frequency  equation  it  derived,  and 
several  typical  aigencurvet  are  plotted  in  the  load-frequency 
plane.  Stability  maps  in  the  load-tangency  coefficient  plane 
indicate  the  existence  of  regions  of  stability,  divergence  and 
flutter.  Certain  boundary  curvet  of  these  regions  are  strongly 
dependent  upon  the  values  of  the  parameters  that  charac- 
terize the  support. 
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(Also  see  Nos.  1802,  1813.  1814,  1815,  1847,  1866) 
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The  Stabiity  of  an  laolated  Rectangular  Surface 
Embedded  in  Dnifonn  Subaonic  Flow 

C.H.  Ellen 

Dept,  of  Math.,  Imperial  College  of  Science  and 
Tech.,  London,  UK,  J.  Appl.  Mech.,  Trans.  ASME, 
44  (2),  pp  201-206  (June  1977)  3 figs,  1 1 refs 

Key  Words:  Stability,  Fluid-induced  axchation 

This  paper  examines  the  stability  of  a ractangular  surface 
lying  in  isolation  In  an  invitcid  fluid  in  uniform  subsonic 
motion  whan  tha  surface.  In  its  undeformad  state,  lies  in  a 
plana  with  its  edges  aligned  perallal  and  perpaiKficular  to 
the  flow  direction.  The  problem  it  formulated  in  tha  form  of 
an  integral  aquation  which  is  solved  approxhnatalv  using  the 
onetaim  Qalarkin  method  so  that  axprattiont  for  tha  stabil- 
ity parameter  are  datarminad  in  tha  form  of  asymptotic 


series  for  the  high  and  low  aspect  ratio  limits.  Surfaces  sup- 
ported on  all  edges  as  well  as  those  whose  edges  are  only 
partially  supported  are  investigated.  The  results  are  compared 
with  those  for  an  infinite  array  of  panels  and  an  isolated 
panel  replacing  part  of  a rigid  surface. 


77-1765 

Optimization  of  Active  Control  Systems  to  Suppress 
Flutter  and  Minimize  Turbulence  Response 

C.S.  Rudisill 

Dept,  of  Mech.  Engrg.,  Clemson  Univ.,  Clemson,  KC, 
AIAA  J.,  (6),  pp  779-785  (June  1977)  3 Tigs, 

3 tables,  12  refs 

Key  Words:  Control  equipment.  Flutter,  Turbulence 

A method  for  optimizing  an  active  control  system  which  will 
suppress  flutter  and  minimize  the  response  of  a lifting  surface 
to  atmospheric  turbulence  is  presented.  A mathematical 
search  method  is  developed  which  will  find  a control  law 
which  will  cause  an  active  control  system  to  flutter  at  a speci- 
fied freestraam  velocity,  air  density,  and  Mach  number.  With 
the  flutter  velocity  of  the  system  held  constant,  the  control 
law  is  then  modified  in  such  a way  that  tha  peak  output 
power  spectral  density  function  of  the  angular  response  of  a 
lifting  surface  (as  a result  of  atmospheric  turbulence)  is  mini- 
mized for  a specified  flight  velocity  which  is  less  than  the 
flutter  velocity.  The  von  Karman  generalized  power  spectrum 
for  the  transverse  components  of  turbulence  is  used  to  find 
the  value  of  the  output  power  spectral  density  fuitction  of 
the  response.  The  optimization  procedure  is  used  in  an  exam- 
ple problem  to  increase  the  flutter  velocity  and  minimize 
the  turbulence  response  of  a simplified  delta-wing  model 
which  has  leading  and  trailing  edge  control  surfeces. 


SOIL 


77-1766 

Site-Dependent  Seimic  Reeponae  Spectra  for  Soft 
Sitea 

J.S.  Dalai,  H.B.  Seed,  and  D.-L.  Wu 
Struct.  Analysis  Group,  United  Engineers  and  Con- 
structors, Inc.,  Philadelphia,  PA,  ASCE  J.  Power  Div., 
103  (POD,  pp  15-25  (July  1977)  12  figs,  1 table, 
1 2 refs 

Kay  Words:  Seismic  response.  Soils 

Different  approaches  are  presented  for  daveicping  site- 
dependant  rasponsa  apactra  for  toft  titas  where  recorded 
historicai  motions  are  rtot  evaBable  Seismic  ra«>onaa  aneiyeet 


S6 


mere  performed  for  a given  site  with  an  appropriate  input 
motion  to  determine  the  site-frequency  characteristics  in 
terms  of  surface  response  spectra.  These  results  were  com- 
bined with  statisttcally  derived  response  spectra  from  historic 
motions  recorded  at  sites  with  similar  toil  characteristics  to 
determine  site-dependent  response  spectra.  In  addition,  site 
responses  were  computed  in  terms  of  surface  response 
spectra  for  appropriately  selected  12  historic  earthquake 
motions.  Response  spectrum  derived  by  statistical  analysis 
of  thase  results  was  compared  with  the  site-dependent 
response  spectrum.  Pertinent  results  and  conclusions  from 
the  study  are  presented  herein  along  with  the  site-dependent 
spectra  derived. 


VISCOELASTIC 


77-1767 

Dynamic  Mechanical  Response  of  Some  Polymers 

S.  Shih 

Ph.D.  Thesis,  Brown  Univ.,  152  pp  (1976) 

UM  77-14,189 

Key  Words:  Polymers,  Elastomers,  Pulse  excitation 

An  experimental  technique  for  the  observation  of  mechanical 
pulses  propagating  along  stretched  fUaments  of  rubber, 
polyethylerte.  and  nylon  is  described.  The  pulses  were  pro- 
duced either  by  suddenly  volatilizing  a piece  of  piano  wire, 
which  was  used  to  maintain  the  additional  stretch  of  the 
specimen,  or  by  firing  a gat  gun  against  a small  clamp  on  the 
pre-stretched  specimen.  The  particle  velocity  of  the  specimen 
was  measured  by  a magnetic  transducer.  This  technique 
affords  an  extremely  convenient  method  for  studying  the 
propagation  of  ntachanical  pulses  artd  observing  the  forma- 
tion artd  decay  of  shock  wavas.  Changing  the  initial  condi- 
tions of  the  experiments  provides  information  which  helps 
to  elucidate  the  nature  of  tha  various  observed  phenomena. 


77-1768 

Vibration  Analyais  of  Viacodaatic  Bodies  with 
Small  Loaa  Tangents 

Z.  Hash  in 

Dept,  of  Solid  Mech.,  Materials  and  Struc.,  School  of 
Engrg.,  Tel-Aviv  Univ.,  Tel-Aviv,  Israel,  Inti.  J. 
Solids  Struc.,  13  (6),  pp  549-559  (June  1977)  6 refs 

Kay  Words:  Viscoelastic  ntadia 

Tha  correspondence  principla  for  vibrations  of  viscoelastic 
bodies  is  mecializad  to  tha  case  of  small  loaa  tangents,  result- 
ing in  considerabla  simplification:  Analytical  evaluation  of 
oscillatory  fields  is  grsatly  sknpllfiad;  peak  fraqueiKies  and 
peak  amplitudes  under  forced  vibrations  can  be  simply  and 


directly  determined;  numerical  solution  of  viscoelastic 
vibration  problems  becomes  no  more  complicated  than  that 
of  elastic  problems.  Similar  simplifications  result  for  com- 
putation of  real  and  imaginary  parts  of  effectiva  complex 
moduli  of  composite  materials. 


EXPERIMENTATION 


DIAGNOSTICS 

(Also  see  No.  1761) 


77-1769 

Monhormg  the  Complex  Vibration  Characteriatica 
of  Bladed  Machinery 

J.S.  Mitchell 

Endevco,  San  Juan  Capistrano,  CA.,  Power,  121  (7), 
pp  3842  (July  1977)  9 figs 

Key  Words:  Diagnostic  techniques.  Blades,  Compressor 
blades.  Turbine  blades 

The  details  on  systems  that  should  be  considered  for  moni- 
toring tha  health  of  axial  compressors,  steam  and  gas  tur- 
bines, gears,  motors  and  generators  are  presented. 


77-1770 

Bearing  Teating  Method  Checka  Shock  Energy 

Power  Trans.  Des.,  17  (7),  pp  38-39  (July  1977) 

Key  Words:  Bearings,  Diagrtostic  techniques.  Shock  pulse 
method 

In  the  article  the  Shock  Pulse  Method  is  described  which 
measures  the  impact  velocity  of  a mechanical  shock  pulse, 
initiated,  for  example,  when  a ball  in  a baariitg  passes  an 
irregularity.  A peizoelactric  accelerometer  transducer,  along 
with  a tuned  circuit,  maesuras  tha  instantaneous  compression 
wave,  when  first  particles  of  both  bodies  come  in  contact. 
Instruments  include  portable  bearing  tatters  that  provide 
opereting  condition  directly;  e more  comprehensive  visual 
indicatirtg  inttrurrtent;  artd  a contlrx/ous  monitoring  system. 


77-1771 

Bal  Bearing  Machinery  Diagnoatict  (Diagnoae  von 
Wvlxlagem  in  Maachinen) 

R.  Ullmann 
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Ingenieurbiiro  fur  vorbeugertde  Instandhaltung  Dres- 
den, Maschinenbautechnik,  26  (3),  pp  116-120 
(Mar  1977)  8 figs,  3 tables,  18  refs 
(In  German) 

K«v  Words  Diagnostic  ttchniquas.  Ball  baarings 

A diagnostic  technique  for  the  determination  of  a ball  bear- 
ing race  failure  it  described.  All  experknentt  ere  beted  on 
the  eveluetion  of  the  njnning  quelitv  of  the  beerirtg.  It  met 
determined  thet  the  simplest  meeturement  it  the  measure- 
ment of  structure-borne  noise.  The  design  of  en  electronic 
measuring  instrument  bated  on  the  structure-borne  sound 
meve  enalytit  it  outlined. 


77-1772 

DevdopmeDt  of  Diagnostic  Test  Equipment  for 
Inspecting  Antifriction  Bearings 

F N.  Kusenberger  and  J .R.  Barton 

Southwest  Research  Inst.,  San  Antonio,  TX,  Repi. 

No.  AMMRC-CTR-77-13,  78  pp  (Mar  1977) 

AD-A038  980/9GA 

Key  Words:  Diegnottic  inttrumentetion.  Nondestructive 
testing.  Antifriction  bearings,  Computer-aidad  tachniquet 

Historical  background  summarizing  the  need  for  improved 
nonds..iUCtiva  irttpaction  of  antifriction  baarirtgt  it  pratant- 
ad.  A state-of-the-art  computer  supervised  tami-automatad 
bearing  inspection  system  it  described  which  incorporates 
the  magnetic  perturbation  method  for  surface  and  subsur- 
face flam  detection  artd  the  Barkhautsn  noits  method  for 
sseessing  the  stats  of  stress  in  the  setivs  regiortt  of  the  race- 
way. The  capabHitias  and  faaturst  of  the  inspection  tyttarn 
arc  presented  along  with  verification  tatt  data  comparing 
reajltt  from  a prsliminarv  prototypa  unit  and  a prototypa 
tyttarn.  Othar  inspection  data  from  used  sftd  refurbiehad 
bearing  races  are  summarized.  Matailurgicai  sectioning  and 
endurance  tatt  results  art  indudad  which  verify  the  flaw 
detection  capability  of  the  system  and  astablith  the  capa- 
bility of  the  system  to  detect  subsurface  flaws  which  causa 
fsUurc.  Highlightt  of  system  davdopmant  are  aleo  briefly 
summarized. 


77-1773 

Computer  Aided  Faiure  Analyaia 

R.S.  Smith 

Bendix  Corp.,  Kansas  City,  MO.,  Rept.  No.  BDX- 
613-1522-Rev,  16  pp  (Sept  1976)  refs 
N77-21456 

Kay  Words:  Failure  analysis.  Diagnostic  taehniquae.  Elec- 
tronic instrumentation,  Computer-aidad  tachniquse 


A computer  sided  faHura  analysis  system  ICAFAI  it  being 
developed  to  troubleshoot  defects  in  alactronic  assemblies. 
Through  a question  and  answer  procedure,  the  system 
provides  step  by  step  diractiorM  to  guide  a troubleshooter 
to  the  fault  location.  A diagnostic  logic  routine  hat  been 
establithsd  for  one  product,  artd  the  software  nacessary  to 
store  artd  implement  the  routine  hat  been  developed.  The 
time  there  operation  (TSO)  terminal  hat  been  installed, 
and  the  completed  system  hat  been  found  to  be  functional. 
A visual  aid  catalog  hat  bean  developed  for  the  current 
CAFA  routine. 


77-1774 

Computation  of  Changing  Variances 

S.  Braun 

Faculty  of  Mech.  Engrg.,  Technion-lsrael  Inst,  of 
Tech.,  Haifa,  Israel,  J.  Sound  Vib.,  52.  (3),  pp  433- 
439  (June  8,  1977)  6 figs,  1 table,  6 refs 

Key  Words:  Vibration  sigrtatures,  Testirtg  tachniquet.  Diag- 
nostic tachniquet 

A method  suitable  for  the  procauing  of  repetitive  vibration 
signatures  of  unstable  character  has  bean  found  valuable  in 
various  applicationt.  At  it  it  bated  on  a combination  of  time 
domain  averaging  of  the  signal  and  its  variance,  computatiort- 
al  methods  suitable  for  on-line  or  time-varying  variances 
are  of  interest.  Various  schemas  for  such  computations 
art  suggested,  differing  mainly  in  the  kind  of  averaging  filter 
used. 


EQUIPMENT 

(Also  see  No.  1 780) 


77-1775 

Electro-Hydraulic  Shaking  Machine  (Report  3, 
Influences  of  Oscillatory  Test  Structure  and  Their 
Compensation) 

H.  Hirai  and  A.  Matsuzaki 

Mech.  Engrg.  Res.  L^b.,  Hitachi  Ltd.,  Japan,  Bull. 
JSME,  2Q  (143),  pp  561-567  (May  1977)  13  figs, 
4 refs 

Kay  Words;  Vibrators  (machinery).  Shakers 

In  this  iiaptr,  control  characteristict  of  a shaking  machina 
under  the  influences  of  an  oscillatory  tatt  structure  are  dit- 
cunad.  In  addition,  it  It  shown  that  tha  influencat  of  the 
oscillatory  test  structure  can  be  compensated  by  feeding 
back  tha  relative  acceleration,  vafocity  and  dltpiacsment 
between  tha  thakirtg  table  and  the  test  structure  with  proper 
gain  rata.  Tha  effect  of  this  compensation  method  it  coiv 
firmed  axparimantally  with  a dtaking  machine  which  has  a 
one  ton  table. 
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77. 1 776 

Low  Co$t  Mechanical  Random  Shaken 

D Nolan  and  W.  Cox 

L A.B.  Mfg,  Corp.,  Inst.  Environ.  Sci.,  Proc.  23rd 
Annual  Mtg  , Los  Angeles,  CA.  pp  238-241  (Apr  25- 
27,  1977)  3 tigs,  4 refs 

KevWordi:  Shaken,  Tnt  equipment 

Correletion  of  military  equipment  field  failurea  with  labora- 
tory pradictioni  and  "Agree"  production  testing  is  unsatis- 
factory. Revision  "C"  of  Mil  Std  781  is  pending,  with  likely 
callout  of  random  vibration,  rather  than  single  frequency  sine 
in  the  narrow  range  of  30  to  60  Hi.  Cost  impact  of  imple- 
menting this  with  electromagnetic  shakers  would  be  astro- 
nomical. Tradaoffs  and  parformance  of  "BRN"  shaken, 
at  riear  identical  costs  to  existirtg  "Agree"  shakers  is  included. 


77-1777 

Mechanical  and  Pneumatic  Shakers  for  Military 
Standard  781C 

W.  Tustin 

Tustin  Inst,  of  Tech.,  Santa  Barbara,  CA.,  Inst, 
Environ.  Sci.,  Proc.  23rd  Annual  Mtg.,  Los  Angeles, 
CA.,  pp  242-248  (Apr  25-27,  1977)  13  figs,  1 table, 
1 1 refs 

Key  VVords:  Shakers,  Test  equipment.  Standards  & codas 

In  this  paper,  environmental  tatting  aspects  of  Mil  Std 
781  C are  invastigatad.  The  author  traatt  vibration  tattt  that 
can  be  accomplished  by  meant  of  ralatively  inexpentiva  but 
highly  reliable  mechanical  and  pneumatic  shakart.  Thus  ha 
mainly  considers  tests  on  fixed  ground  and  shipboard  aquip- 
mant  which  many  laboratories  have  long  performad  on 
mechanical  shakart.  He  alto  invattigates  tests  on  avionic 
aquipmant  for  jet  aircraft,  which  can  possibly  be  mat  by 
mechanical  and  pneumatic  shakart. 


FACILITIES 


77-1778 

Time  Seriea  Arndyiie  m Flight  Flutter  Tefting  at  the 
Air  Force  Flight  Teat  Center:  Concepts  and  Results 

R.W  Lenz  and  B.  McKeever 

Air  Force  Flight  Test  Center,  Edwards  AFB,  CA, 
In.  NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  287-318  (1976)  refs  (N77-21022) 

N77-21033 


Key  Words:  Test  fecHitist,  Flutter,  Flight  tests.  Modal 
analysis,  Computar  programs 

The  Air  Force  Flight  Test  Canter  (AFFTC)  flight  flutter 
facility  is  described.  Concepts  of  using  a minicomputar- 
bsssd  time  series  analyiar  and  a modal  analysis  software 
package  for  flight  flutter  tasting  are  examined.  The  results 
of  several  evaluations  of  the  software  package  are  given.  The 
reasons  for  empfoying  a minimum  phase  concept  in  analyzing 
response  only  signals  are  discussed.  The  use  of  a Laplace  al- 
gorithm is  dtown  to  be  effective  for  the  modal  analytit  of 
time  histories  in  flutter  tasting.  Sample  results  from  models 
and  flight  tests  are  provided.  The  limitations  inharent  in 
time  series  analysis  methods  are  discussed,  and  the  need  for 
effective  noise  reduction  techniques  is  noted.  The  use  of 
digital  time  series  analytit  techniques  in  flutter  tettirtg  it 
shown  to  be  fast,  accurata,  and  cost  affective. 


INSTRUMENTATION 


77-1779 

The  Effect  of  an  Air  Flow  on  a Single  Side  Branch 
Helmholtz  Reaonator  in  a Circular  Duct 

J.S.  Anderson 

Dept,  of  Mech.  Engrg.,  The  City  Univ.,  London 
EC1V  4PB,  UK,  J.  Sound  Vib.,  52  (3),  pp  423- 
431  (June  8, 1977)  7 figs,  13  refs 

Key  Words:  Natural  frequencies,  Helmholtz  resonators. 
Ducts 

A tingle  side  branch  Helmholtz  resonator  hat  been  tettad  In 
a circular  duct  In  which  both  sound  and  an  air  flow  could 
be  patted  in  the  tame  direction.  The  sound  irtput  was  broad 
band  and  the  transfer  function  across  the  resonator  was 
datarminad  by  utiitg  two  microphones  and  a crota-corralation 
analysis  ttchniqua  in  which  the  broad  band  sound  input  was 
croia-corralatad  with  each  microphone  signal  in  turn.  The 
fundamental  rtsorunt  frequency,  at  obtained  from  the  trana- 
far  function  of  the  rasortator,  was  found  to  Incraaaa  with 
increasing  flow  valocitiet  in  the  duct.  It  was  pottibla  for  the 
entire  mast  and  correction  of  the  orifice  of  the  rasortator  to 
be  eliminated  by  the  flow.  The  higher  natural  fraquatwiat 
of  the  resonator  were  not  affected  at  much  by  tha  sir  flow. 


77-1780 

A Torsion  Pendulum  for  Measurement  of  Damping 
Capacity  and  Related  Phenomena 

D.W.  James,  J.D.  Stott,  and  B.  Emery 
Scientific  Services  Dept.,  Central  Electricity  Gener- 
ating Board,  Portishead,  Avon,  UK,  J.  Test  Eval., 
5 (4),  pp  270-277  (July  1977)  8 figs,  7 refs 


Kty  Wordi:  Intwnal  damping.  Material  damping.  Test 
instrumentation 

Investigation  of  the  damping  mechanisms  of  metals  and 
alloys  requires  that  damping  capacity  measurements  be  made 
over  wide  stress,  frequency,  and  temperature  ranges.  The 
torsion  pendulum  described  herein  fulfills  these  requirements 
in  all  respects  except  that  K has  a limited  (low)  frequency 
range.  This  versatile  apparatus  also  allows  creep,  fatigue, 
stress  relaxation,  alastic  after-effect,  static  and  dynamic 
moduli  and  hysteresis  curves  to  be  made  at  temperature  and 
in  vacuo.  It  is  possible  to  superimpose  a magnetic  field  on 
the  specimen  during  these  meesurements.  The  specimen  may 
also  be  heat  traatad  or  plastically  deformed  in  situ.  An 
electronic  data  proceuing  system  has  been  designed  to  cal- 
culate artd  plot  material  damping  charactaristict  during  a 
free  decay  test.  The  damping  charactaristict  are  thus  obtained 
more  quickly  aruf  with  greater  accuracy  than  was  previously 
possible. 


77-1781 

Recording  Syatem  for  Blaat  Noiae  Measurement 

D.E.  Siskind  and  V.J.  Stachura 

U.S.  Dept,  of  the  Interior,  Twin  Cities,  MN.,  S/V, 

Sound  Vib.,  n (6),  pp  20-23  (June  1977)  7 figs 

Kay  Words:  Racording  instruments.  Vibration  recording, 
Minas  (excavations).  Shock  response 

A multichannel  racording  system  hat  been  built  by  the 
Bureau  of  Minas  for  an  invattigation  of  impulsive  noise  and 
vibration  produced  by  blasting  in  surface  mines  and  quarries. 
Currem  application  of  the  system  indudat  the  monitoring  of 
both  noise  owerpreswret  artd  vibrations  inside  and  outtida 
rasidantial  structures  in  order  to  attest  damage  and  annoy- 
ance potential,  structural  response,  and  the  comparative 
affects  of  ground  arxf  airborrte  Matt  vibrations. 


77-1782 

Safety  Devicea  aad  Chaaeia  Uaed  in  Multi  and  Single 
Exciter  Vibration  Teating 

R.  Lowenadler 

Perkin-Elmer  Corp.,  Norwalk,  CT.,  Inst.  Environ. 
Sci.,  Proc.,  23rd  Annual  Mtg.,  Los  Angeles,  CA, 
pp  344-360  (Apr  25-27, 1977)  15  figs 

Kay  Words:  Vibration  tests.  Test  instrumentation 

With  the  advent  of  large  apacknan  and  multiexcitar  testing, 
normal  vibration  procedures  and  tachniquas  canisot  be  used 
to  maintain  test  itam  safety.  Devices  used  to  prevent  test 
item  ovar/under  testing  due  to  operator  error  arKf  equipment 
malfunetion  are  avaNabla.  Amortg  davlcas  usad  for  this  pur- 
posa,  the  author  daaeribat  the  Clotad  Loop  Chassis,  a safaty 


device  permittirtg  the  set  up  of  automatic  vibration  control 
off-line;  the  Auxiliary  Level  Control  with  a 40  db  range  for 
testing  large  macimens;  Crou  Dump  System  to  prevent  an 
amplifier  from  diutdown  or  "dump"  during  a test;  a remote 
shutdown;  a Sine/Random  Signal  Vibration  Protector  allow- 
ing the  operator  to  set  over  and  under  test  limits  within  a 
certain  dynamic  range;  the  Real  Time  Analyzer;  and  the 
Waterflow  Monitor/Interlock. 


77-1783 

Description  and  Elaboration  of  a Dynamic  EUipso- 
meter.  Application  to  Dynamic  Photo-Elastic  Analy- 
sis (Description  et  Elaboration  d'un  EUipsometre 
Dynamique.  Application  a la  Photodasticimetrie 
Dynamique) 

M.  Ferre 

Ecole  Nationale  Superieure  de  Techniques  Avancees, 
Paris,  France,  Rept.  No.  Rept-073, 84  pp  (July  1976) 
refs 

(In  French) 

N7  7-2 1478 

Key  Words;  Test  instrumentation,  Photoalastic  analysis. 
Shock  tests.  Vibration  tests 

A new  type  of  dynamic  allipsomatar  based  on  representation 
forms  of  light  and  optical  operator  algebra  is  described.  The 
applicetion  of  the  ellipsometer  to  dynamic  photoelastic 
analysis  is  illustratad  for  shock  and  vibration  tests. 


PROCEDURES 


77-1784 

Inveatigation  of  Aerodaatic  Stability  Phenomena  of 
a Helicopter  by  In-Flight  Shake  Teat 

W.-L.  Miao.T.  Edwards, and  D.E.  Brandt 
Boeing  Vertol  Co.,  Philadelphia,  PA.,  In;  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  473- 
500  (1976)  refs  (N77  21022) 

N77-21040 

Kay  Words:  Helicopters,  Stability,  Testing  techniques 

The  analytical  capability  of  the  helicopter  stability  program 
is  discussed.  The  parameters  which  are  found  to  be  critical  to 
the  air  rasonartca  characteristics  of  the  toft  in-plana  hingalass 
rotor  systems  are  detaiiad.  A summary  of  two  modai  test 
programs,  a 1/138  Froude-scaiad  BO-105  model  and  a 1.67 
meter  (5.6  foot)  diameter  Froude-scaiad  YUH-61A  model, 
are  presented  with  emphasis  on  the  talaction  of  the  firtai 
parameters  which  were  incorporated  in  the  fuil-seaie  YUH- 
61A  helicopter.  Modal  test  data  for  this  configuration  are 
dtown.  The  actual  test  results  of  the  YUH-61 A air  rasonaiKa 
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in-flight  tfiake  tnt  liability  are  preiented.  Included  are  a 
concise  description  of  the  test  setup,  which  emptoys  the 
Grumman  Automated  Telemetry  System  (ATS),  the  test 
tachnqiue  for  recording  in-flight  stability,  and  the  test 
procedure  used  to  demonstrate  favorable  stability  charac- 
teristics  with  no  in-plane  damping  augmentation  (lag  damper 
removed).  The  data  illustrating  the  stability  trend  of  air 
resonance  with  forward  speed  and  the  stability  trend  of 
ground  resonance  for  percent  airborne  are  presented. 


77-1785 

Wind  Tunnel  Investigation  of  Supersonic  Wing-Tail 
Flutter 

L J.  Huttsell,  T.E.  Noll, and  D.E.  Holsapple 
Air  Force  Flight  Dynamics  Lab,  Wright-Patterson 
AFB,  OH  45433,  In:  NASA  Langley  Res.  Center 
Flutter  Testing  Tech.,  pp  193-212  (1976)  refs  (N77- 
21022) 

N77-21030 

Key  Words.  Wind  tunnel  tests.  Flutter,  Aircraft  wings. 
Random  Decrement  technique.  Spectral  energy  distribution 
technique 

A flutter  model,  consisting  of  a wirtg,  horizontal  tail,  and 
splitter  plate/fuselage  mechanism,  was  tested  in  a 4-foot 
transonic  tunnel  in  the  Mach  number  range  1.1  to  1.3.  Two 
types  of  flutter  were  encountered  during  the  testing:  a wing- 
tail  flutter  bending-torsion  flutter  mode.  Recorded  mod'.l 
test  data  ware  digitized  for  a power  spectral  density  IPSO) 
analysis  and  Random  Decrement  (Randomdec)  artalysis. 
Comparisons  between  the  frequency  and  damping  obtained 
from  the  PSD  plots  and  the  Randomdec  signatures  agreed 
vary  well.  A limited  flutter  analysis  was  conducted  using  a 
Mach  box  unsteady  aerodynamics  method  which  accounted 
for  interference  and  airfoil  thickness.  Analytical  comparisons 
with  experimental  flutter  speeds  agreed  well. 


77-1786 

F-15  Flight  Flutter  Test  Program 

H.  Kau,  G.F.  Foppe.and  D.T.  Grossman 
Locicheed  Aircraft  Corp.,  Burbank,  CA.,  In;  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  413- 
432  (1976)  refs  (N77-21022) 

N77-21037 

Kay  Words;  Flutter,  Flight  tests.  Wind  tunnel  tests.  Aircraft 
vibration 

The  modes  to  be  obasrvad  during  the  F-16  flight  flutter  test 
program  were  salsetsd  on  the  basis  of  the  results  of  analytical 
studies,  wind  tunnel  tests,  and  ground  vibration  tests.  The 
modes  (both  symmetriesi  and  antlsymmatrieall  tracked  on 


this  basis  were:  fin  first  bending,  fin  torsion,  fin  tip  roll, 
stabilator  bending,  stabilator  pitch,  boom  lateral  bending, 
boom  torsion,  boom  vertical  bending,  wing  first  bending, 
wing  second  bending,  wing  first  torsion,  outer  wing  torsion, 
and  aileron  rotation.  Data  obtained  for  these  various  modes 
were  evaluated  in  terms  of  damping  versus  airspeed  at  1525 
m (5000  ft),  dampirtg  versus  altitude  at  the  cross-section 
Mach  numbers  (to  extrapolate  to  the  damping  value  to  be 
expected  at  sea  level),  and  flutter  boundaries  on  the  basis 
of  flutter  margin  of  various  modal  pairs  representing  poten- 
tail  flutter  mechanisms.  Results  of  these  evaluations  are 
summarized  in  terms  of  minimum  predicted  flutter  margin 
for  the  various  mechanisms. 


77-1787 

YF-16  Flight  Flutter  Teet  Procedures 

W.J.  Brignac,  H.B.  Ness,  M.K.  Johnson,  and  L.M. 
Smith 

General  Dynamics,  Fort  Worth,  TX.,  In  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  433- 
456  (1976)  refs  (N77-21022) 

N77-21038 

Key  Words:  Aircraft  vibration.  Flutter,  Flight  tests.  Random 
Decrement  technique 

The  Random  Decrement  technique  (Randomdec)  was  incor- 
porated in  procedures  for  flight  testing  of  the  YF-16  light- 
weight fighter  prototype.  Damping  values  obtained  substan- 
tiate the  adequacy  of  the  flutter  margin  of  safety.  To  confirm 
the  structural  nKxfas  which  ware  being  excited,  a spectral 
analysis  of  each  channel  was  performed  using  the  AFFTC 
tima/data  1923/50  time  series  analyzer.  Inflight  test  pro- 
cedure induded  the  careful  monitoring  of  strip  charts,  three 
axis  pulses,  rolls,  and  pullups. 


77-1788 

The  Application  of  Digital  Computers  to  Near-Real- 
Tkne  Processing  of  Flutter  Test  Data 

S.R.  Hurley 

Lockheed-California  Co.,  Burbank,  CA.,  In:  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  377- 
394  (1976)  refs  (N77-21 022) 

N77-21035 

Key  Words:  Flutter,  Flight  tests.  Testing  techniques.  Com- 
puter progrems 

Procedures  used  Jn  monitoring,  analyzing,  and  displaying 
flight  artd  ground  flutter  teat  data  were  presented.  These 
procedures  induda  three  digital  computer  programs  develop- 
ed to  process  structural  responta  data  in  near  real  time. 
Qualitative  and  quantitativa  modal  stability  data  wars  derivad 
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from  time  history  response  date  resulting  from  rapid  sinu- 
soidal frequency  sweep  forcing  functions,  tuned-mode  quick 
stops,  and  pilot  induced  control  pulses.  The  techniques  were 
applied  to  both  fixed  and  rotary  wing  aircraft,  during  flight, 
whirl  tower  rotor  systems  tests,  and  wind  tunnel  flutter 
model  tests.  An  hydraulically  driven  oscillatory  aerodynamic 
vane  excitation  system  utilized  during  the  flight  flutter 
test  programs  accomplished  during  Lockheed  L-1011  and 
S-3A  development  is  described. 


SCALING  AND  MODELING 

(See  No.  1840) 


TECHNIQUES 

(Also  see  Nos.  1732.  1733,  1754,  1760,  1778, 
1779,  1854,  1876) 


77-1789 

Ambient  and  Forced  Vibration  Analyaia  of  Full- 
Scale  Structures 

C.A.  Kircher 

Ph.D.  Thesis,  Stanford  Univ.,  254  pp  (1977) 

UM  77-12,654 

Kay  Words:  Vibration  measurement.  Measurement  tech- 
niques, Computar-aidad  tachniquas.  Multistory  buildings. 
Shock  response 

Vibration  analysis  techniques  are  used  to  examine  the  dy- 
namic characteristict  of  full  scale  structures.  Specifically, 
the  results  of  a study  of  six  simHar  high-rise  apartment  buUd- 
ings  and  a study  of  two  230  KV  air  blast  circuit  breakers  are 
presented.  A portable  mini-computar  system  hat  been  used  to 
perform  on-site  aocalaration  measurements  and  correspond- 
ing analytes  le.g.,  calculation  of  power  uMctra).  This  mini- 
computer system  is  programmed  for  data  acquisition  and 
discrete  Fourier  analysis.  Forced  vibration  excitation  of  the 
breaker  structures  is  aocomplishad  by  a portable  alactro- 
magrtatic  dtakar  unit.  The  forced  vibration  input  to  the 
structures  include  w4<ita  noise  as  wall  at  sinusoidal  axcKa- 
tions. 


77-1790 

Ipertial  ExdUtiop  Systema 

G.K.  Hobbs 

MTS  Systems  Corp.,  Inst.  Environ.  Sci.,  Proc.,  23rd 
Annual  Mtg.,  Lot  Angeles,  CA.,  pp  382-385  (Apr 
25-27, 1977)  3 figs,  9 refs 

Kay  Words:  Vibration  excitation.  Tatting  techniques.  Seis- 
mic response,  BuMdingt,  Bridgat,  Dams 


This  paper  reviews  some  applications  of  inertial  excitation 
of  buildings,  bridges  and  dams.  Some  small  portable  systems 
are  discussed  and  then  a two  mau  electrohydraulic  system 
in  which  each  matt  of  272,400  kg  (600,000  lbs.)  moves 
4.1m  (162  in.)  it  described. 


77-1791 

Some  Experience  Using  Subcritical  Response  Meth- 
ods in  Wind-Tunnel  Flutter  Model  Studies 

J.T.  Foughner.  Jr. 

Langley  Res.  Center,  NASA,  Langley  Station,  VA., 
In:  NASA  Langley  Res.  Center  Flutter  Testing 
Tech.,pp  181-192  (1976)  (N77-21022) 

N77-21029 

Key  Words:  Wind  tunnel  tests.  Flutter 

Experiences  obtained  with  four  methods  of  predicting  flutter 
of  wind-tunnel  models  from  subcritical  response  data  are 
described.  The  four  methods  are:  co/quad,  randomdac, 
power  spectra  density,  and  the  peek-hold  spectrum.  Model 
excitation  tachniquas  included  both  forced  (sinuscidal 
sweep)  and  random  (tunnel  turbulence).  These  mathixfs 
were  successfully  used  to  measure  the  frequency  and  damp- 
ing (or  an  inverse  response  amplitude  proportional  to  the 
dampirrg)  in  the  predomittant  flutter  modes.  Implementation 
and  application  of  each  method  are  discussed.  Some  results 
and  comparisons  between  methods  are  presented. 


77-1792 

Flutter  Teating  Techniquea 

Langley  Res.  Center,  NASA,  Langley  Station,  VA., 
Rept.  No.  NASA-SP-415,483  pp  (1976) 

N77-21022 

Key  Words:  Flutter,  Testing  techniques 

Developments  in  methodologv  and  data  analysis  techniques 
for  flutter  testing  in  flight  and  on  the  ground  are  discutsad. 


77-1793 

Determuuition  of  Subcritical  Damping  by  Moving- 
Block/RantionMiec  Applications 

C.E.  Hammond  and  R.V.  Doggett,  Jr. 

Army  Air  Mobility  R&D  Lab.,  Langley,  VA.,  In: 
NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  59-76(1976)  (N77-21022) 

N77-21025 

Kay  Words:  Flight  vshicist.  Testing  taehnlquaa.  Flutter,  HelF 
copter  rotors.  Random  Deeramant  technique.  Moving  block 
technique 
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Tmo  technique*  ere  detcribed  which  ellow  the  determine- 
tion  of  mibcriticiil  demping*  end  frequencies  during  eero- 
elettic  testing  of  flight  vehicles.  The  moving-block  technique 
is  drown  to  heve  the  edventege  of  being  able  to  provide 
demping  end  frequency  information  for  each  mode  which 
might  be  present  in  a signal  trace,  but  it  has  the  disadvantage 
of  requiring  that  the  structure  be  excited  transiently.  The 
rairdomdec  technique  requires  only  random  turbulence  for 
excitation,  but  the  ratrdomdec  sigtrature  is  difficult  to  ana- 
lyze when  more  than  one  mode  is  present.  It  is  shown  that 
by  ulM^  the  moving-block  technique  to  analyze  the  random- 
dec  signatures,  the  best  features  of  both  methods  are  gained. 
Examples  are  presented  illustrating  the  direct  application 
of  the  movingblock  method  to  model  helicopter  rotor 
testing  and  application  of  the  combined  moving-block/ 
randomdec  method  to  flutter  studies  of  two  fix^-wing 
models. 


77-1794 

Tranaient  Excitation  and  Data  Proceasing  Techniquea 
Employing  the  Faat  Fourier  Tranafotm  for  Aero- 
elaatic  Teating 

W.P.  Jennings,  N.L.  Olsen,  and  M.J.  Walter 
Boeing  Commercial  Airplane  Co.,  Seattle,  WA.,  In: 
NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  77-1 14  (1976)  {N77-21022) 

N77-21026 

Key  Words:  Data  procening.  Transient  excitation.  Aircraft 
vibration.  Flutter,  Fast  Fourier  Transform,  Wiruf  tunnel 
tests.  Flight  tests 

The  development  of  testing  techniques  useful  in  airplane 
ground  resonance  testing,  wind  tunnel  eeroelastic  model 
testing,  and  airplane  flight  flutter  testing  is  presented.  Includ- 
ed is  the  consideration  of  impulsive  excitation,  steady-state 
sinusoidal  excitation,  and  random  attd  pseudorandom  excita- 
tion. Reasons  for  the  selection  of  fast  tine  sweeps  for  tran- 
sient excitation  are  given.  The  use  of  a fast  fourier  transform 
dynamic  analyzer  it  presented,  together  with  a curve  fitting 
data  process  in  the  Laplace  domain  to  experimentally  eval- 
uate values  of  generalized  mass,  ntodel  frequencies,  dampings, 
and  mode  shapes.  The  effects  of  poor  signal  to  noise  ratios 
due  to  turbulence  creating  data  variance  are  ditcutsad.  Data 
manipulation  techniquat  used  to  overcome  variance  probtems 
are  also  inctudad.  The  experience  is  described  that  was 
gained  by  using  these  techniques  since  the  early  stages  of 
the  SST  program.  Data  measured  during  747  flight  flutter 
tests,  and  SST,  YC-14,  and  727  empennage  flutter  model 
tests  are  included. 


77-1795 

On  Meatifyiag  FreipwaeiM  Dampiag  in  Subcriti- 
ett  FhittM-  Tmting 

J.C.  Houbolt 


Aeronautical  Res.  Associates  of  Princeton,  Inc.,  NJ, 
In:  NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  142  (1976)  (N77-21022) 

N77-21023 

Key  Words:  Flutter,  Aircraft,  Wind  tunnel  tests 

Various  procedures  that  might  be  used  in  evaluating  system 
response  characterittict  at  irwolvad  in  tubcritical  flight  and 
wind-tunnel  flutter  testing  of  aircraft  are  reviewed  with 
emphasis  on  the  means  for  eliminating  or  minimizing  the 
contamination  effects  produced  by  an  unknown  noise  in 
the  input.  Results  of  a procedure  developed  for  identifying 
modal  frequency  and  damping  values,  and  a pouifale  way 
for  making  a detailed  evaluation  of  system  parameters,  are 
alto  given. 


77-1796 

The  Application  of  Recent  Techniquea  in  Flight 
Flutter  Teating 

M.A.  Abla 

Gates  Learjet  Corp.,  Denver,  CO.,  In:  NASA  Langley 
Res.  Center  Flutter  Testing  Tech.,  pp  395-412 
(1976)  refs  (N77-2 1022) 

N77-21036 

Key  Words:  Flutter,  Aircraft  vibration.  Flight  tests.  Testing 
techniques.  Computer  programs.  Data  porcetsing.  Random 
Decrement  technique.  Autocorrelation  method 

The  relative  maritt  of  sinusoidal  excitation  versus  rarxlom 
atmospheric  turbulence  was  investigated.  The  rarxfomdec 
end  autocorrelation  methods  were  used  to  analyze  data  from 
a Learjet  flight  test.  A parameter  identification  digital  pro- 
gram, utittg  least  squares  approach,  was  developad  to  deter- 
mine the  eeroelastic  characteristict  of  a two  rrmde  syttam. 
The  flight  test  program,  computer  program,  and  data  reduc- 
tion procedure  is  presented.  Firtal  results  of  the  two  modes 
of  excitation  obtained  by  Randomdec  method  are  discussed. 


77-1797 

Flight  Flutter  Testing  Technology  at  Cnmunan 

H.J.  Perangelo  and  F.W.  Milordi 
Grumman  Data  Systems  Corp.,  Bethpage,  NY,  In: 
NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  319-376  (1976)  refs  (N77-21022) 

N77-21034 

Kay  Words:  Flutter,  Testing  techniques,  Computar  programs 

Analytit  techniques  used  in  the  automatad  tstametry  station 
(ATS)  for  on  line  data  reduction  are  encompaseed  In  a broad 
range  of  software  programs.  Concepts  that  form  the  basis 
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for  th«  •iQorithms  used  ere  methemeticeliv  described.  The 
control  the  user  has  in  interfecirtg  «vfth  veriout  on  lir>e  pro- 
grems  is  discussed.  The  venous  programs  ere  applied  to  an 
ar^vsis  of  flight  data  ^ich  ir>cfudes  unimodaf  arid  bimodal 
response  signals  excited  via  a siwept  frequency  shaker  and/or 
random  aerodynamic  forces.  A nonlinear  response  error 
modeling  analysis  approach  is  described.  Preliminary  results 
in  the  analysis  of  a hard  spring  nonlinear  resonant  system 
are  also  included. 


77-1798 

Correlation  with  Fli^t  of  Some  Aeroelastic  Model 
Shidie*  in  the  NASA  Lan|^y  Tranaonic  Dynamic* 
Tunnel 

W.H.  Reed.  Ill 

Langley  Res.  Center,  NASA,  Langley  Station,  VA., 
In  NASA  Langley  Res.  Center  Flutter  Testing  Tech., 
pp  243-262  (1976)  refs  (N77-21022) 

N77-21032 

K*y  Words;  Wind  tunnel  tetti.  Ten  fecit  Kies,  Testing  tech- 
niquet.  Flutter 

The  NASA  Langley  trannnic  dynamict  tunnel,  «vhich  has  a 
variable  dentity  Freon-12  (or  air)  ten  medium,  vvai  detigned 
mecifically  for  the  study  of  dynamict  and  aeroelanic  prob- 
lamt  of  aeromace  vahidet.  During  the  15  yean  of  operation 
of  thit  facility,  there  have  been  variout  opportunitiet  to 
compare  wind  tunnel  and  flight  tett  reniltt.  Some  of  thete 
opportunitiet  arite  from  routine  flight  checkt  of  the  proto- 
typet;  othen,  from  carefully  detigned  comparative  wind- 
tunnel  and  flight  axparimantt.  Such  data  obtained  from 
variout  pubIWied  and  unpublithed  lourcet  are  pratentad. 
The  topict  covered  are:  gun  aiKf  buffet  ramonta,  control 
turface  effactivaneti,  flutter,  and  active  control  of  aeroalat- 
tic  effactt.  Some  banefitt  and  diortcomingt  of  Fraon-12  at 
a ten  medium  are  alto  ditcutaad. 


HOLOGRAPHY 


77-1799 

Time-Averaged  Holography  for  the  Study  of  Three- 
DimeMio«al  VibratioM 

R.  Tonin  and  D.A.  Bias 

Oept.  of  Mech.  Engrg.,  Univ.  of  Adelaide,  Adelaide, 
South  Australia  5000,  J.  Sound  Vib.,  52  (3),  pp  315- 
323  (June  8, 1977)  6 figs,  9 refs 

Kay  Words:  Holographic  tachniquat,  Interferometart, 

Cylindart,  Three-dimecwional  problamt,  Lovat  diell  theory 


The  general  theory  of  time-averaged  holographic  imerfero- 
metry  hat  been  analytically  extended  to  take  account  of 
pottible  motion  of  the  surface  under  invettigation  in  three 
dimentiont  but  in  simple  harmonic  motion  at  a tingle  fre- 
quency. The  argument  of  the  characterinic  function  it 
replaced  with  an  exprettion  which  includes  the  effactt  of 
motion  in  orthogonal  diractiont  at  well  at  the  directions  of 
illumination  and  observation.  The  amended  characteristic 
function  formula  it  used  to  calculate  the  radial  and  tangen- 
tial components  of  a vibrating  cylinder  from  several  time- 
averaged  holograms.  The  components  thus  calculated  agree 
well  with  theoretical  predictions  for  the  cylinder  Love  mode. 
Thus  the  problem  of  the  strange  shift  in  amplitude  plots 
previously  reported  when  holograms  from  different  angles 
were  taken  of  vibrating  curved  surfaces  it  resolved. 


COMPONENTS 


BEAMS,  STRINGS,  RODS,  BARS 

(Also  see  Nos.  1740.  1822.  1873) 


77-1800 

Strea*  Meaaureinent  in  a Bar  Deformed  Dynamically 
to  Plaatk  Range 

T.  Hayashi,  Y.  Fujimura,  and  H.  Yamamura 
Faculty  of  Engrg.  Science,  Osaka  Univ.,  Japan,  Bull 
JSME,  20  (143),  pp  534-538  (May  1977)  9 figs, 
4 refs 

Key  Words:  Bart,  Dynamic  tests.  Dynamic  plasticity 

A timpla  method  it  presented  for  measuring  dynamic  ttrettet 
in  a bar  under  impact  loading.  Thit  method  it  bated  on  the 
fact  that  in  a bar  undar  one-dimantional  axial  stress,  there  it 
a singular  direction  along  which  plastic  strain  vanidtat,  and 
by  maaeuring  tha  strain  in  this  direction,  the  axial  stress 
can  be  obtained.  Accordirtg  to  tha  present  method,  the  stress 
and  strain  of  the  plastic  wave  along  a bar  with  uniform  cross 
taction  ware  observed  separately. 


77-1801 

In-PUne  Vibration  of  Viacoeiaatic  Circular  Rod  with 
Conaideration  of  Shearing  Deformation  and  Rotatory 
Inertia 

K.  Nagaya  and  Y.  Hirano 

Faculty  of  Engrg.,  Yarnagata  Univ.,  Yonezawa,  Japian, 
Bull.  JSME,  20  (143),  pp  539-547  (May  1977) 
1 1 figs,  1 3 refs 
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Key  Words:  Rods,  Rotatory  inertia  effects.  Transverse  shear 
deformation  effects.  Viscoelastic  media 

This  paper  discusses  the  problem  of  in-plane  vibrations  of  a 
viscoelastic  circular  rod  under  the  consideration  of  rotatory 
inertia  artd  shearing  deformation.  A three-element  viscoelastic 
model  is  adopted  in  the  analysis,  and  the  solution  for  the 
viscoelastic  rod  is  obtairred  from  the  correspondence  prin- 
ciple by  applying  the  Laplace  transform  to  the  constitutive 
equation  for  the  viscoelastic  materials  and  the  equation  of 
motion  for  the  elastic  rod  developed  from  the  improved 
theory.  The  results  obtained  are  compared  with  those  for  the 
elementary  theory  which  are  obtained  by  neglecting  the 
effects  of  the  shear  and  the  rotatory  inertia  in  this  study. 


77-1802 

Eavironmental  Effeett  on  the  Natural  Frequencies 
of  Rod-Shaped  Structural  Elements  (Beeinflussung 
der  Eigenfrequenzen  stabartiger  BauteOe  durch 
Dmgebunganedien) 

D.  Albrecht  and  G.  Tschirner 

Ingenieurhochschule  Zittau,  Sektion  Kraftwerksan- 
lagen  und  Energieumvyandlung,  Maschinenbautech- 
nik,  26  (4),  pp  158-160  (Apr  1977)  7 figs,  4 refs 

Key  Words:  Rods,  Structural  eiements.  Fluid-induced 
excitation.  Natural  frequencies.  Piping  systems.  Heat  ex- 
changers 

In  the  paper  the  effect  of  a stationary,  variable-viicosity 
medium  on  the  natural  frequencies  of  rod-shaped  structural 
elements  of  circular  or  rectangular  cross  section  is  inves- 
tigatad. 


77-1803 

Equilibrium  and  StablHy  of  a Circularly  Towed 
Cable  Subject  to  Aerodynamic  Drag 

J.J.  Russell  and  WJ,  Anderson 
U.S.  Air  Force  Academy,  Colorado  Springs,  CO., 
J.  Aircraft,  14  (7),  pp  680-686  (July  1977)  6 figs, 
12  refs 

Kay  Words:  Cablas  (strings),  Towad  bodias.  Finite  element 
technique.  Stability 

The  finite-alament  method  Is  used  to  study  the  equilibrium 
and  stability  of  an  alattic  cable  whose  upper  and  is  towad  in 
a horizontal  circular  path  at  a constant  angular  velocity. 
Fluid  drag  It  assumed  to  be  composed  of  tangential  and 
normal  components,  which  art  proportional  to  tha  tangential 
and  no~mal  velocity  components  squared,  raspactivalv.  The 
problem  includes  strong  gaometrlc  nonllnaarltiet  and  It 
nonconsarvatlvt,  thereby  admitting  both  static  and  dynamic 
inttabHftiet.  Equilibrium  aquations  for  a cable  element 


including  elaftogeometric,  centripetal,  and  aerodynamic 
stiffness  matrices  are  developed  In  terms  of  problem  para- 
meters and  a shape  function.  All  geometric  nonlinearities  are 
retained,  but  small  elongations  are  assumed.  The  resulting 
nonlinear  algebraic  equations  are  solved  using  a Newton- 
Raphson  procedure.  The  stability  of  an  equilibrium  position 
it  determined  by  perturbing  the  nonlinear  equations  of 
motion  and  calculating  the  eigenvalues  of  the  resulting 
linearized  dynamic  equations.  Results  indicate  multivalued 
solutions,  the  number  depending  on  the  rotational  frequency 
and  tow  radius.  Both  static  "jump"-type  and  dynamic 
instabilities  are  found. 


77-1804 

Finite  Element  Analyaia  of  Nonlinear  Elaato-Plaatic- 
Slack  Cable  Networks 

D.C.-C.  Ma 

Ph.D.  Thesis,  Illinois  Inst,  of  Tech.,  82  pp  (1976) 
UM  77-13,751 

Key  Words.  Cables  (ropes).  Geometric  effects.  Finite  ele- 
ment technique 

The  purpose  of  this  study  is  to  present  a numerical  pro- 
cedure for  determining  the  dynantic  response  of  cable  system 
which  indudes  both  nonlinear  goemetry  and  material  effects. 
These  effects  include  cases  of  elastic,  plastic  and  slack. 
Finite  element  analogoues  are  used  as  the  basis  for  numerical 
modeling  for  the  spatial  behavior.  The  Newmark  ^method 
is  used  as  the  basis  for  the  numerical  integration  for  the 
temporal  behavior.  Numerical  study  of  single  cable,  two- 
dimensional  and  three-dimensional  cable  systems  are  in- 
cluded. 


BEARINGS 

(Also  see  Nos.  1770,  1771,  1772) 


77-1805 

A Study  of  High  Speed  Hydrostatic  Bearings  (Part  1. 
Theoretical  Analysis  of  Static  and  Dynamic  Charac- 
teristics of  Hybrid  Plain  Journal  Bearings) 

A.  Ichikawa 

Central  Research  Lab.,  Mitsubishi  Electric  Corp., 
Amagasaki,  Hyogo,  Japan,  Bull.  JSME,  JO  (143), 
pp  652-660  (May  1977)  13  figs,  5 refs 

Key  Words:  Journal  bearings.  Hydrostatic  bearings.  Dynamic 
properties 

This  paper  pratants  a theoretical  analysis  of  a hybrid  plain 
journal  bearing  with  many  capillary-restrictors  for  high 
mead  and  haavy  load. 
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77-1806 

ExperiinenUl  Determination  of  the  Damping  Co- 
efficient of  a Double-Row  Cylindrical  RoDer  Bearing 
(Experimentelle  Ermittlung  der  DimpfungAonatante 
eines  doppdreihigen  ZylinderroUenlagera) 

W.  Klepzig 

Ingeneiurhochschule  Zwickau,  Sektion  Technologie 
der  mvl,  z.Z.  Hochschule  Stankin,  Moscow,  USSR, 
Maschinenbautechnik,  26  (3),  pp  112-115  (Mar 
1977)  10  figs,  9 refs 
(In  German) 

Key  Words:  Damping  coefficients.  Bearings,  Machine  tools 

The  fact  that  dampiitg  in  spindle-ttearing  syMems  is  caused 
mainly  by  radial  bearings  was  tested  experimentally  by 
datarmining  bearittg  damping  coefficients  of  a double  row 
cylindrical  rollar  bearing.  The  coefficients  obtained  were 
compared  with  bearing  damping  coefficients,  required  to 
reach  the  usual  degree  of  dampirtg  of  main  spindles,  when 
only  the  bearings  are  actiitg  as  dampers. 


BLADES 

(Also  see  No.  1769) 


77-1807 

Linearized  Blade  Row  Compreaaion  Component 
Model.  Stability  and  Frequency  Response  Analysis 
of  a J85-3  Compressor 

W.A.  Tesch,  R.H.  Moszee,  and  W.G.  Steenken 
Aircraft  Engine  Group,  General  Electric  Co.,  Cin- 
cinnati, OH,  Rept.  No.  NASA-CR-135162  , 88  pp 
(Sept  1976)  refs 
N77-21089 

Keywords:  Blades,  Compressor  blades,  Stabil  Ity 

Stability  and  fraquetKy  response  analysis  tachniquas  devel- 
oped on  NASA  programs  ware  applied  to  a dyttamic  blade 
row  compression  component  stability  model  to  provide  a 
more  economic  approach  to  surge  liita  and  frequency  re- 
Uionsc  determination  than  that  provided  by  time-dependant 
methods. 


77-1808 

A 100-kW  Wind  Turbine  Blade  Dynamics  Analysis, 
Weight-Balance,  and  Structural  Teal  Remits.  Final 
Report 

W.D.  Anderson 


Lockheed-California  Co.,  Burbank,  CA.,  Rept.  No. 
NASA-CR-1 34957,  102  pp  (June  1975)  refs 
N77-21468 

Key  Words:  Turbine  blades.  Dynamic  tests.  Experimental 
results 

The  results  of  dyr,amic  analyses,  weight  and  balance  tests, 
static  stiffness  tests,  and  structural  vibration  tests  on  the 
60-foot-long  metal  blades  for  the  ERDA-NASA  100-kW  wind 
turbine  are  presented.  The  metal  blades  are  shown  to  be 
free  from  structural  or  dynamic  resonance  at  the  wind  tur- 
bine design  speed.  Aeroelastic  instabilities  are  unlikely  to 
occur  within  the  normal  operatirtg  range  of  the  wind  turbine. 


77-1809 

Dynamic  Behavior  of  Laminated  Polymeric  Matrix 
Composites 

R.W.  Mortimer  and  P.C.  Chou 

Dept,  of  Mech.  Engrg.  and  Mechanics,  Drexel  Univ., 
Philadelphia,  PA.,  Rept.  No.  AFML-TR-76-127, 
58  pp  (July  1976) 

AD-A038  067/5GA 

Key  Words:  Turbine  blades.  Fans,  Impact  response.  Blades. 
Plates,  Computer  programs 

The  primary  goal  of  this  two-year  program  is  to  study, 
numerically,  and  experimentally  the  dynamic  response  of 
idealized  laminated  graphite-epoxy  fan  blades  subjected  to 
impact  loads.  The  blade  is  simulated  by  a flat  plate.  Two 
impact  cases  are  studies:  one  is  the  in-plane  impact,  the  other 
is  the  shear-bending  impact.  This  report  includes  results  of 
the  theoretical  and  experimental  predictions  of  wave  veloc- 
ities and  strain  histories  for  the  cases  of  in-plane  and  shear- 
bending impact  of  aluminum,  graphite-epoxy  cross-ply,  and 
graphite  epoxy  angle-ply  plates.  In  addition,  the  status  of 
the  program  to  compute  local  responses  (using  the  finite- 
difference  code  HEMP)  and  structural  responses  (using 
NASTRAN)  of  laminated  structures  is  presented.  Finally, 
preliminary  results  of  an  impact  parametric  study  (utilizing 
NASTRAN)  involving  the  impact  of  a laminated  beem  struc- 
ture are  presented. 


77-1810 

Vibration  Characterittici  of  Compoaite  Fan  Blades 
and  Compariaon  with  Measured  Data 

C.C.  Chamis 

Materials,  and  Struc.  Div.,  Lewis  Res.  Center,  NASA, 
Cleveland,  OH,  J.  Aircraft,  14  (7),  pp  644-647 
(July  1977)  6 figs,  4 tables,  4 refs 
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Key  Words:  Fan  bladet.  Natural  frequencies.  Mode  shapes, 
Computer  programs.  Experimental  data 

The  vibration  characteristics  of  a composite  fan  blade  for 
high -tip-speed  applicationt  were  determined  theoretically, 
and  the  results  compared  with  measured  data.  The  theoretical 
results  were  obtained  using  a computerized  capability  consist- 
ing of  NASTRAN  coupled  with  composite  mechanics  by  way 
of  pre-  and  postprocessors.  The  predicted  vibration  frequen- 
cies and  mode  shapes  were  in  very  good  agreement  with  the 
measured  data. 


77-1811 

An  Analysis  of  the  Flutter  and  Damping  Characteris- 
tics of  Helicopter  Rotors 

S.P.  Viswanathan 

Ph.D.  Thesis,  Georgia  Inst,  of  Tech.,  161  pp  (1977) 
UM  77-15,044 

Key  Words:  Rotary  wings.  Helicopters,  Flutter,  Damping 
coefficients 

Two  relatively  new  methods  of  vibrational  analysis  of  norv 
uniform  rotor  blades  in  combined  flapwisa  bending  and 
torsion  are  reviewed.  The  structural  dynamic  characteristics 
of  an  example  blade  are  evaluated  using  the  Transmission 
matrix  method  and  ere  later  used  in  flutter  analyses. 


CONTROLS 


77-1812 

Transient  Response  of  Second  Order  Relay  Servo- 
niechanian 

S.  Ogino 

Faculty  of  Engrg.,  Yamagata  Univ.,  Yonezawa, 
Japan,  Bull.  JSME,20  (143),  pp  568-574  (May  1977) 
1 1 figs,  7 refs 

Kay  Words:  Transient  retponta.  Servomechanism 

An  axact  solution  In  mathematical  tense  for  the  transient 
ramonse  of  a second  order  relay  tarvomachanltm  it  obtained. 
By  applying  the  tuccattion  function  method,  tha  condition 
for  tha  system  to  have  a cyds  it  given  and  tha  proof  that  this 
cyda  it  a limit  cyde  it  ettabiithad.  Bated  on  this  proof  an 
algorithm  and  a chan  to  calculate  tha  period  and  tha  ampli- 
tude of  the  cyda  are  constructed.  Tha  approximate  periodic 
solution  Ob'  inad  by  tha  describing  function  method  it  alto 
studied. 


CYLINDERS 


77-1813 

Vihration  of  a Group  of  Circular  Cylinders  in  a 
Confined  Fluid 

H.  Chung  and  S.S.  Chen 

Components  Tech.  Div.,  Argonne  Nation!  Lab., 
Argonne,  IL.,  J.  Appl.  Mech.,  Trans.  ASME,  44  (2), 
pp  213-217  (June  1977)  6 figs,  16  refs 
Sponsored  by  the  U.S.  Energy  Res.  and  Dev.  Admin. 

Key  Words:  Cylinders,  Fluid-induced  excKation,  Coupled 
response 

This  paper  presents  an  analytical  method  for  evaluating  the 
hydrodynamic  masses  of  a group  of  circular  cylinders  im- 
mersed in  a fluid  contained  in  a cylinder.  The  analysis  is 
based  on  the  two-dimensional  potential  flow  theory.  The 
fluid  coupling  effect  among  cylinders  is  taken  into  account; 
self  and  mutual-added  masses  for  both  inner  and  outer 
cylinders  are  evaluated.  Based  on  the  proposed  method,  the 
free  vibration  of  two  eccentric  cylinders  with  a fluid-fillad 
gap  is  analyzed  as  an  example. 


77-1814 

A Study  on  the  Fluctuating  Force  Acting  on  a 
Cylinder  Placed  in  the  Downatream  of  a Moving 
Cylinder 

T.  Adachi,  S.  Nakajima,  and  Y.  Sawada 
Inst,  of  Structural  Tech.,  Univ.  of  Tsukuba,  Sakura, 
Ibaraki  300-31 , Japan,  Bull.  JSME,  20  (143),  pp  584- 
592  (May  1977)  1 6 figs,  2 tables,  5 refs 

Key  Words:  Cylinders,  Fluid-induced  excitation 

Experimentt  of  the  fluctuating  force  acting  on  a cylinder 
placed  in  the  downstream  of  a moving  cylinder  with  constant 
velocity  in  a uniform  airstream  have  bean  carried  out.  Tha 
case  of  both  cylinders  stationary  it  treated.  Experimental 
remits  and  knowledge  of  tha  flow  pattern  around  tha  cylin- 
ders enable  the  formation  of  the  idea  that  the  saparatior) 
point  dilfu  downstream  because  of  tha  turbulence  arising 
from  the  upper  cylinder.  Owing  to  this  intarfareiKe,  the  lift 
and  drag  acting  on  tha  cylinder  placed  in  tha  downstream 
are  changed. 


77-1815 

On  Wake-Induced  Flutter  of  a Circular  Cylinder  in 
the  Wake  of  Another 

Y.T.  Tsui 
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Hydro-Quebec  Research  Inst.,  Varennes.  Quebec, 
Canada,  J.  Appl.  Mech.,  Trans.  ASME,  ^ (2).  pp 
194-200  (June  1977)  3 figs,  3 tables,  34  refs 

Key  Words:  Cylinders,  Flutter,  Fluid-induced  excitation 

Two-dimensional  stability  of  leaward  cylinder  in  the  wake 
of  fixed  windward  cylinder  is  studied  within  the  framework 
of  quasi-static  aerodynamic  theory  at  both  subcritical  and 
supercritical  flow  region.  Routh-Hurwitz  stability  criterion 
is  employed. 


DUCTS 


77-1816 

The  Generation  of  Sound  by  Vorticity  Waves  in 
Swirling  Duct  Flows 

M.S.  Howe  and  J.T.C.  Liu 

Dept,  of  Engrg.,  Univ.  of  Cambridge,  UK,  J,  Fluid 
Mech..  ^ (2),  pp  369-383  (June  24.  1977)  4 figs. 
26  refs 

Key  Words:  Ducts.  SouiMl  generation 

Swirling  flow  in  sn  sxisymmetric  duct  can  support  vorticity 
waves  propagating  parallel  to  the  axis  of  the  duct.  When  the 
cross-sectional  area  of  the  duct  changes  a portion  of  the  wave 
energy  is  scattered  into  secondary  vorticity  and  sound  waves. 
Thus  the  swirling  flow  in  the  jet  pipe  of  an  aeroengine  pro- 
vides a machanism  whereby  disturbances  produced  by  un- 
steady combustion  or  turbine  blading  can  be  propagated 
along  the  pipe  and  subsequently  scattered  into  aerodynamic 
souftd.  In  this  paper  a linearized  model  of  this  process  is 
examined  for  low  Mach  number  swirling  flow  in  a duct  of 
infinite  extent. 


77-1817 

Attenuation  of  Sound  in  Multi-Element  Acoustically 
Lined  Rectangular  Duets  in  the  Absence  of  Mean 
Flow 

W.  Koch 

Institut  fur  Str6mungsmechanik,  DFVLR/AVA  G6t- 
tingen.  Bunsenstrasse  10.  D-34  G5ttingen.  Federal 
Republic  of  Germany.  J.  Sound  Vib..^  (4).  pp  459- 
496  (June  22. 1977) 

Kay  Words;  Duets.  Acoustic  linings.  Noise  reduction 

Extensions  of  the  ordinary  Wienar-Hopf  tachniqua  are  out- 
lined srtd  applied  to  the  solution  of  sound  ananustlon  in 
multFalement  ducts  with  acoustically  absorbing  liners  In 


series  as  well  at  in  parallel  combination.  For  demonstration 
purposes  the  simplest  cate  of  engineering  interest  it  chosen: 
namely,  a rectangular  channel  at  zero  convection  velocity. 
Extensions  to  circular  and  annular  geometries  as  well  as  to 
mean  flow  situations  are  possible  In  the  absence  of  a realistic 
source  model  acoustic  power  attenuation  results  are  present- 
ed for  an  incoming  fundamental  mode  only,  to  show  the 
influence  of  major  design  parameters  for  point  reacting 
liners.  The  broad  band-width  attenuation  capacity  of  some 
liner  configurations  as  well  as  the  necessity  to  include  wave 
reflections  at  liner  discontinuities  for  multi-element  liners  is 
clearly  demonstrated.  For  a given  acoustic  source  a multi- 
mode  solution  can  be  found  by  summing  the  contribution 
of  each  incoming  unattenuated  mode. 


LINKAGES 


77-1818 

Damping  in  Friction-Grip  Bolted  Joints 

S.  Vitelleschi  and  L.C.  Schmidt 
Dept,  of  Housing  and  Construction.  Hawthorn. 
Victoria.  Australia,  ASCE  J.  Struc.  Div..  103  (ST7), 
pp  1447-1460  (July  1977)  8 figs,  6 tables,  11  refs 

Key  Words:  Joints,  Coulomb  friction 

The  object  of  the  work  reported  in  this  paper  is  to  obtain  a 
measure  and  an  understanding  of  the  damping  in  high- 
strength  friction-grip  bolted  joints.  Static  tests  to  determine 
the  coefficient  of  friction  and  cyclic  tests  to  determine  the 
amount  of  damping  in  symmetrical  double-coverplated  butt 
joints  are  described.  Four  plate  surfaces  were  examirted, 
i.e.,  galvanized,  inorganic  zinc  silicate,  urethane  chromate 
primer,  and  mill  scale.  An  energy  loss  relationship  was  found 
for  each  surface  type.  At  the  working  load  levels,  the  damp- 
ing factors  ranged  from  5%  to  12%,  and  the  energy  losses, 
after  early  variations,  tended  to  stable  values  with  increasing 
numbers  of  cycles.  Suggestions  on  improvements  to  increase 
joint  damping  are  given. 


PIPES  AND  TUBES 

(See  No.  1824) 


PLATES  AND  SHELLS 

(Also  see  Nos.  1753,  1809) 


77-1819 

Non  Linear  Dynamic  Analyaia  of  Flat  LaminatesI 
Plates  by  the  Finite-Element  Methosi 

A.R.Zak 
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Dept,  of  Aeronautical  and  Astronautical  Engrg., 
Illinois  Univ.  at  Urbana-Champaign,  IL.,  Rept,  No. 
BRL-CR-334,  74  pp  (Mar  1977) 
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Key  Words;  Pletes,  Finite  element  technique.  Mathematical 
models.  Computer  programs.  Dynamic  structural  analysis 

A finite-element  structural  model  has  been  developed  for  the 
dynamic  analysis  of  laminated,  thick  plates.  The  model  uses 
constant  thickness  quadrilateral  elements  to  represent  the 
shape  of  the  plate  and  these  elements  are  stacked  in  the 
thickness  direction  to  represent  the  desired  material  layers. 
Tne  analysis  allows  for  orthotropic  material  properties  of 
each  layer  as  well  as  for  elattkr-pldstic  materia)  response. 
Noniir>ear  strain  displacement  relations  are  used  in  the  for- 
mulation to  represent  large,  transverse  plate  deflections.  The 
finite-element  model  is  used  to  prepare  a computer  program 
for  the  rujmerical  calculations.  Two  versions  of  the  program 
have  been  prepared,  which  correspond  to  two  different  time 
Integration  rHjmerical  methods.  These  methods  include  finite- 
difference  and  predictor-corrector  techniques.  The  computer 
programs  are  designed  for  time  and  space  dependent  pres- 
sure loads  to  be  applied  to  one  surface  of  the  plate.  However, 
the  programs  could  be  used  for  other  loading  conditions  by 
changing  one  subroutine. 


77-1820 

Non-Linear  Flexural  Vibrations  of  Orthotropic 
Rectan^ar  Hates 

M.K.  Prabhakara  and  C.Y,  Chia 

Dept,  of  Civil  Engrg.,  The  Univ.  of  Calgary,  Calgary, 

Alberta,  Canada,  J.  Sound  Vib.,  52  (4),  pp  511-518 

(June  22, 1977)  5 figs,  2 tables,  8 refs 

Sponsored  by  the  National  Res.  Council  of  Canada 

Kay  Wordi:  Rsctangulsr  olatst,  Orthotropiim,  Flexural 
vibration.  Large  ampi  itudat 

This  study  is  an  analytical  invattigatlon  of  frae  flexural  larga 
acnplituda  vibrations  of  orthotropic  rectangular  plates  with 
all-damped  arKf  ali-s.inply  supported  stress-free  edges.  The 
dynamic  von  Karmen-type  aquations  of  the  plate  are  used 
in  the  analysis.  A solution  satisfying  the  prescribed  boundary 
conditions  is  axprasaad  In  the  form  of  double  series  with 
ooeff  iciants  being  functions  of  time.  The  modal  aquations  are 
solved  by  expanding  the  time-dapandent  deflection  coaffi- 
ciertts  into  Fouriar  cosine  series.  As  obtained  by  taking  the 
first  sixtaan  terms  in  tha  double  serlas  and  the  first  two 
terms  in  tha  time  series,  rwmerical  results  are  prsaented  for 
norvlinaar  fraquencies  of  various  modes  of  glaaa-apoxy, 
bororr-apoxy  arxl  graph ita-apoxy  plates. 


77-1821 

Free  Vibrations  of  Randomly  Inhomogeneous  Plates 

A.D.  Wood  and  F.D.  Zaman 

Cranfield  Inst,  of  Tech.,  Cranfield,  Bedford  MK43 
OAL,  UK,  J.  Sound  Vib.,  ^ (4),  pp  543-552  (June 
22, 1977)  3 figs,  9 refs 


Key  W irds:  Rectangular  plates.  Natural  frequencies 


Considei  a large  collection  of  elastic  rectangular  plates  with 
random  inhomogeneities,  but  otherwise  indistinguishable 
in  any  overall  sense.  An  expression  is  obtained  for  the  natural 
frequency,  Q,  of  such  plates,  vibrating  freely  under  simply 
supported  boundary  condition^  jn  the  form  + 

efp*)  * where  lif”)  it  the  natural  frequency 

of  a homogeneous  comparison  plate,  6 it  a small  real  para- 
meter measuring  the  degree  of  inhomogeneity,  and  the 
coefficients  fll’ ),  f2(^, . . .,  are  giyen  explicitly. 


77-1822 

Vibrations  of  Circular  Cylindrical  Shells  with  Cutouts 

S.  Toda  and  K.  Komatsu 

National  Aerospace  Lab.,  1880  Jindaiji-machi,  Chofu, 
Tokyo,  Japan,  J.  Sound  Vib.,  ^ (4),  pp  497-510 
(June  22,  1977)  14  figs,  2 tables,  1 1 refs 


Key  Words:  Cylindrical  shells.  Hole-containing  media.  Nat- 
ural frequencies.  Beams 

An  experimental  and  analytical  study  was  carried  out  to 
examine  the  effect  of  circular  cutouts  on  the  resonant  fre- 
quencies of  thin  cylindrical  shells.  The  experimental  results 
ware  obtained  from  tests  performed  on  clamped-free  alumF 
num  cylinders  and  clamped  ring-stiffened  tri-acetyl  callulosa 
shellt  with  s lap-joint  seam.  The  analytical  solution  was  a 
simplified  Rayleigh-Ritz  type  approximation.  For  the  beam 
type  mode,  the  circular  cutouts  had  a significant  influence 
on  the  frequaiKiy. 
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Dynamic  Reaponae  of  a Cylindrical  Shell  to  a Concen- 
trated Periodical  Force  (2nd  Report,  Streae  Reaponae) 

K.  Shirakavya  and  K.  Mizoguchi 
College  of  Engrg.,  Univ.  of  Osaka  Prefecture,  Sakai, 
Japan,  Bull.  JSME,  20  (143),  pp  521-527  (May  1977) 
4 figs,  4 refs 

Key  Words:  Cylindrical  diellt.  Periodic  excitation 
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Following  a previous  paper  on  the  forced  vibration  problem 
of  a cylindrical  dtell,  tha  stress  response  is  discussed  when  a 
certain  point  on  the  cylinder  surface  is  periodically  excited 
by  a concentrated  force.  The  principal  parts  of  the  stress 
response  may  be  represented  by  the  closed  terms,  and  tha 
property  of  their  singularities  may  be  also  examined  briefly. 
The  results  of  some  computations  are  presented  for  the 
behavior  of  streu  response  between  certain  frequency  re- 
gions, in  which  the  effect  of  in-plane  inertia  on  them  and 
their  correspondence  with  the  deformation  response  may  be 
examined. 


77-1824 

Distorted  Cylindrical  Shell  Response  to  Internal 
Acoustic  Excitation  Below  the  Cut-Off  Frequency 

S.N.  Yousri  and  F.J.  Fahy 

School  of  Engrg.  and  Applied  Sciences,  Univ.  of 
Sussex,  Brighton  BN1  9QT,  UK,  J.  Sound  Vib.,  W 
(3),  pp  441-452  (June  8,  1977)  10  figs,  1 table, 
10  refs 

Key  Words:  Cylindrical  shells.  Acoustic  excitation.  Tubas 

The  mechanism  of  coupling  between  a plane  wave  acoustic 
ntode  ind  a rtorr-axisymmetric  structural  mode  of  a thin 
walled,  circular,  cylindrical  shell,  via  the  geometrical  distor- 
tion of  the  shall,  is  conskfered.  A theoretical  modal  of  re- 
sponse below  tha  acoustic  cut-off  frequency  is  used  to  es- 
timate tha  vibration  level  induced  in  a tube  having  small 
circumferential  variations  of  wall  thickness,  radius  and  modu- 
lus of  elasticitv.  The  results  have  been  confirmed  axpari- 
mentaily. 


77-1825 

Oiatorted  Cyliiidrical  Shell  Reaponae  to  Internal 
Aeouatic  Excitation  Below  the  Cut-Off  Frequency 

S.N.  Yousri  and  F.J.  Fahy 

Inst,  of  Sound  and  Vib.  Res.,  Southampton  Univ., 
Southampton,  UK,  Rept.  No.  ISVR-TR-82  , 34  pp 
(Jan  1976)  refs 

Sponsored  by  Babcock  & Wilcox  (Operations)  Ltd. 
N77  21476 

Kay  Words:  Cylindrical  dialls.  Acoustic  exchation 

Tha  mechanism  of  coupling  between  a planawava  acoustic 
mode  and  a rmrvaxisymmstric  structural  irMxfa  of  a thin  wall, 
circular,  cylindrical  disll,  via  the  gaomatrical  distortion  of  tha 
died  is  coiw'  Vrad.  A thaoretical  modal  of  response  below  tha 
acoustic  «Ut  ff  frsquancy  Is  used  to  estimate  tha  vibration 
levsl  ’ Jueer*  m a tube  having  small  clrcumfsrsntW  variations 
of  welt  tfin-kness,  radius  and  modulus  of  slasticitv.  Tha 
results  havs  bean  confirmed  axperlmantally. 


77-1826 

Static  and  Dynamic  Behavior  of  Noncircular  Cylin- 
drical Shells 

J.  Kempner 

Dept,  of  Mech.  and  Aerospace  Engrg.,  Polytechnic 
Inst,  of  New  York,  Brooklyn,  NY,  Rept.  No.  POLY- 
M/AE-77-5,  AFOSR  TR-77-0212,  23  pp  (Feb  1977) 
AD-A038  203/6GA 

Key  Words:  Cylindrical  shells.  Rings,  Dynamic  structural 
anatysis.  Bibliographies 

In  this  report,  emphasis  is  placed  upon  problems  concerned 
with  the  buckling,  postbuckling,  and  vibrations  of  rings 
and  cylirKfrical  shells  of  variable  curvature.  Some  work  was 
performed  on  reinforced  spherical  and  noncircular  cyiirv 
drical  shells.  The  list  of  references  at  the  end  of  this  report 
represents  reports,  publications,  talks,  and  theses  prepared. 
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Elaxto-Plastic  Reaponae  of  a Multi-Luiyered  Spherical 
Veaad  to  Internal  Blaat  Loading 

W.L.  Ko,  H.G.  Pennick,  and  W.E.  Baker 
Southwest  Res.  Inst.,  San  Antonio,  TX  78284,  Inti. 
J.  Solids  Struc.,  13  (6),  pp  503-514  (June  1977) 
10  figs,  8 refs 

Key  Words:  Spherical  shells.  Shock  response 

Dynamic  response  of  a multi-layarad  spherical  vessel  subject- 
ed to  intermittent  internal  blast  loading  is  analyzed.  Tha 
vessel  is  composed  of  N concentric  unsupported  spherical 
shells  of  identical  material  and  of  the  same  thicknen,  separ- 
ated by  evacuated  gaps  of  equal  thicknau.  The  wall  material 
is  atsumad  to  be  elatto-plastic  obeying  the  bilinear  stress- 
strain  law.  Taking  into  account  of  the  wave  intaractions.  irv 
ducad  by  inter-laminar  impacts,  response  of  tha  vassal  system 
was  calculated  up  to  five  cycles  of  vibration  and  the  results 
are  prasantsd  for  several  gap  sizes. 


77-1828 

Elaatic  Reqsoiise  of  Suhmerged  SheOs  with  Internally 
Attached  Slructurea  to  Shock  Loading 

0.  Ranlet,  F.L.  DiMaggio,  F(.F(.  Bleich  and  M.L. Baron 
Weidlinger  Assoc.,  110  E.  59th  St.,  New  York,  NY 
10022,  Computers  and  Struc.,  _7  (3),  pp  355-364 
(June  1977)  17  figs,  17  refs 

Kay  Words:  Shells,  Submerged  structures.  Interaction: 
structure-fluid.  Shock  raaponsa 
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A method  ii  preuntad  for  obtaining  tha  elastic  response, 
to  8 dtock  wave,  of  a dieil,  with  internal  structure,  sub- 
merged in  an  infinite  acoustic  fluid.  Modal  structural  aitalysis 
is  employed,  arKf  the  structure-fluid  interaction  is  accounted 
for  by  means  of  an  approximate  relation  between  the  radi- 
ated fluid  pressure  and  velocity. 


77-1829 

Direct  Dynamic  Analysis  of  Shells  of  Revolution 
Uaini;  Hi^-Preciaion  Finite  Elements 

H.  Suryoutomo,  P.L.  Gould,  and  P.K.  Basu 
Earthcuake  Engrg  Systems,  San  Francisco,  CA 
94105,  ' 'mputers  and  Struc.,  _7  (3),  pp  425433 
(June  19V/)  16  figs,  16  refs 

Key  Words:  Shells  of  revolution.  Dynamic  analytis.  Finite 
element  tschnique 

The  purpose  of  this  study  is  to  develop  and  demonstrate  a 
direct  integration  algorithm  which  is  compatiUe  with  an 
existing  high-precision  rotatiottal  shall  finite  element.  Excel- 
lent comparative  efficiencv  for  static  probIsms  was  achieved 
with  this  elemem  by  the  incorporation  of  the  exact  geome- 
try, the  utilization  of  high-order  interpolation  polynomislt 
and,  yet,  the  retention  of  cniy  a minimum  number  of  rvxM 
variabist  in  the  {^obal  formulation.  Likawisa,  accurate  and 
efficient  results  for  the  free  vibration  attalytit  of  rotatiottal 
shallt  were  facilitated  by  the  indusion  of  a consistent  mass 
matrix  and  the  utilization  of  a ratiottallv  iustified  kinematic 
condensation  procedure.  The  approach  to  the  direct  inte- 
gration stage  it  strongly  tempor.sd  by  the  established  char- 
acteristics of  this  element  which  enable  a given  shell  to  be 
modeled  accurately  in  the  spatial  domain  with  a compare- 
thralv  coarse  discretization. 


RINGS 


77-1830 

Transsent  Response  of  Three-Layered  Rings 

M.J.  Sagartz 

Simulation  Res.  Dept.,  Sandia  Labs.  Albuquirque, 
NM,  J.  /kppl.  Mech.,  Trans.  ASME,  ^ (2),  pp  299- 
304  (June  1977)  9 figs,  1 table,  17  refs 

Key  Words:  EgustiorM  of  motion,  Rirtgt,  Laminates,  Trane- 
versa  diaar  deformation  affects.  Rotatory  Inertia  affects 

HamHton’t  princlpta  it  used  to  derive  aquationt  of  tnotion  for 
a linear  elattic  three-lavarsd  ring.  The  theory  Includes  tha 
effects  of  shear  deformation  and  rotatory  inertia  In  each 
leyer  and  radial  strain  affects  in  tha  middia  layer.  A eonvan- 
iant  computational  tachniqua  Is  davsiopad  for  transient 


response  evaluation.  A companion  experimental  study  was 
conducted  using  two  different  rings.  Both  rings  had  alu- 
minum inner  and  outer  layers,  but  each  had  a different  low- 
modulus  middle  layer.  Radial  impulse  loads  distributed  at  a 
cotins  over  half  the  ring  circumference,  were  applied  to  the 
outer  ring  surface,  and  the  transient  respone  was  monitored 
with  strain  gages  mounted  on  the  aluminum  laysrt.  Measured 
strain-time  hittoriat  were  compared  with  theoretical  calcu- 
lationt,  and  good  agreement  was  obtained. 


STRUCTURAL 

(Also  see  Nos.  1733,  1740,  17551 


77-1831 

Optimal  Desigii  of  Plastic  Structurea  Under  Impulsive 
and  Dynamic  Preasure  Loading 

U.  Lepilc  and  Z.  Mroz 

Univ.  of  Tartu,  Tartu,  Estoniam  S.S.R..  USSR,  Inti. 
J.  Solids  Struc.,  13  (7),  pp  657-674  (July  1977) 
13  figs,  2 tables,  6 refs 

Key  Words:  Optimization,  Structural  elements.  Dynamic 
excitation 

Optimal  design  of  a rigid-plastic  stepped  beam  and  circular 
plate  is  conskfersd  in  the  first  part  of  tha  paper  assuming  the 
mode  form  of  motion.  The  form  of  optimai  mode  it  sought 
for  which  a structure  of  constant  volume  etteint  a minimum 
of  local  or  mean  deflection.  It  it  assumed  that  the  conttent 
kinetic  energy  Ko  it  attained  by  tha  structure  through 
impulsive  loading.  Differences  between  optimal  static  and 
dynamic  tolutiont  are  diecutted.  Non-uniqueness  of  modes 
it  demonstrated  and  significance  of  stable  mode  motions  it 
emphasized.  In  the  tacorxf  part  of  tha  paper,  an  optimal 
design  of  a rigid-plattic  stepped  beam  loaded  by  a uniform 
prettura  over  a specified  time  interval  it  considered  ateuming 
constant  beam  volume  and  looking  for  a design  correspond- 
ing to  minimum  of  local  deflection.  The  solution  presented 
it  valid  for  moderate  dynamic  pressures  when  mode  motion 
occurs  during  consecutive  time  intarvalt  and  no  travelling 
plastic  hinges  exist. 


77-1832 

AcoiutoeUfticity:  General  Thettry,  Acouitk  Natural 
Motlea  and  Forced  Reaponae  to  Sinuaoidal  Excitation, 
Including  Corapariaona  with  Experiment 

E.H,  Dowell,  G.F.  Gorman,  III,  and  D.A.  Smith 
Princeton  Univ.,  Princeton,  NJ  08540,  J.  Sound  Vib., 
52  (4),  pp  519-542  (June  22,  1977)  12  figs,  28  refs 

Kay  Words:  Cavltiet,  Wsllt,  Mathematical  models.  Acoustic 
ratponta.  Natural  fraquerKiet,  Forced  vibration 
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A comprehensive  theoreticel  model  het  been  developed  for 
interior  sound  fields  which  ere  creeted  by  flexible  well  mo- 
tion resulting  from  exterior  sound  fields.  Full  coupling 
between  the  well  end  interior  ecoustic  cevity  it  permitted. 
An  efficient  computetionel  method  it  used  to  determine 
ecoustic  neturel  frequencies  of  multiply  connected  cevitiet. 
Simplified  formulee  ere  developed  for  interior  sound  levels 
in  terms  of  cevity,  well  end  externel  ecoustic  field  pere- 
meters.  Comperitont  of  theory  end  experiment  show  general- 
ly good  egreement. 


77-1833 

Recking  Teels  of  High-Rise  Building  Partitions 

S A.  Freeman 

URS/John  A.  Blume  & Assoc.  Engrs.,  San  Francisco, 
CA,  ASCE  J.  Struct  Div.,  1^  (STS)  pp  1673-1685 
(Aug  1977)  5 figs,  9 tables,  1 1 refs 

Key  Words:  Multistory  buildings.  Walls,  Stiffness,  Energy 
absorption 

The  results  of  e progrem  of  recking  tests  of  well  panels  can 
be  incorporated  into  the  enalysis  of  high-rise  structures 
inftuerK:e  by  nonstructural  partitions.  Stiffness  and  energy- 
absorbing  characteristics  were  obtained  from  rackirrg  tests 
of  wall  panels  simulating  lateral  interstory  displacements  in 
high-rise  buildings.  These  charactaristict  were  combined  with 
structural  frame  periods  and  damping  to  estimate  overall 
building  periods  and  damping.  Illustrativa  examples  are 
presented.  — 


77-1834 

Bduvior  of  Ten-Story  Reinforced  Concrete  Wall* 
Subjected  to  Elarthquake  Motion* 

J.D.  Aristizabal-Ochoa 

Ph.D.  Thesis,  Univ.  of  Illinois  at  Urbana-Champaign, 
398  pp  (1977) 

UM  77-14,924 

Key  Words:  Walls,  Reinforced  concrete.  Multistory  buildings. 
Seismic  excitation,  Experimantal  results 

The  response  of  tan-story  reinforced  concrete  walls  coupled 
by  beams  to  earthquake  baea  motions  was  Invsstigatsd 
throu)^  experimental  »nd  analytical  models.  The  experimen- 
tal work  involved  tests  of  small-scale  ten-story  reinforced 
concrete  walls  coupled  by  beams  subjected  to  bat*  motions, 
simulating  on*  horizorttal  component  of  rapresentatlvs  aarth- 
quakamotion  records,  on  the  Univertity  of  Illinois  Earth- 
quake Simulator.  The  experimental  results  were  compared 
with  results  of  linear  dynamic  analytet  bated  on  spectral 
response. 


SYSTEMS 


ABSORBER 


77-1835 

The  Dynamic  Vibration  Abaorber  Principle  Applied 
to  a High-Quality  Phonograph  Pickup 

A.R.  Groh 

Shure  Brothers  Inc.,  Evanston,  IL,  J.  of  Audio  Engrg., 
25  (6),  pp  385-390  (June  1977)  11  figs,  1 table,  6 
refs 

Key  Words:  Dynamic  vibration  absorption  (equipment) 

Recant  developments  in  phonograph  disc  recording  hwa 
placed  increased  demands  on  the  playback  transducer.  Both 
dynamic  range  and  bandwidth  have  bean  extended,  particu- 
larly on  diKreta  four-channel  records.  The  dynamic  vibration 
absorber  principle  it  studied  at  a meant  of  extending  trans- 
ducer bandwidth  without  compromising  other  parameters. 
An  application  of  the  vibration  absorber  it  developed  for  us* 
in  a top  quality  magnetic  phono  pickup  that  provides  high 
performance  through  almost  five  decades  of  frequerKy. 


ACOUSTIC  ISOLATION 


77-1836 

Effects  of  Outdoor  Exposure  on  Sound  Absorption 
Materials 

M.M.  Myles,  I.L.  V6r,and  H.R.  Henderson 
Bolt  Beranek  and  Newman,  Inc.,  Cambridge,  MA, 
S/V,  Sound  Vib.,  H (6),  pp  24-27  (June  1977) 
1 1 figs,  1 table,  4 refs 

Key  Words:  Acoustic  insulation.  Absorbers  (materisit). 
Environmental  effects 

An  experiment  it  described  in  which  sample  anachoic  wedges, 
mad*  from  * variety  of  glatt  fiber  and  foam  materials,  war* 
continuously  exposed  to  the  weather  for  about  a year.  The 
normal  incidertc*  ebaorptlon  coafficiantt  were  measured 
for  each  wedge  before  and  after  exposure.  These  data,  plus 
descriptiont  of  the  materials'  physical  condition  after  expo- 
sure ere  presented.  The  results  Indicated  that  many  commoiv 
ly  used  kinds  of  sound  absorbing  materialt  can  withstand 
continued  exposure  outdoors. 
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NOISE  REDUCTION 

(Also  see  Nos  1817,  1842,  1855,  1867,  1874) 


77-1837 

Noiae  (xtnirol  Economic!  of  Siting  Gai  Turbine 
Power  Plant! 

G F.  Messier 

Gas  Turbine  Inti  . 1_8  (3|,  pp  22-24  (May/June  1977) 
2 figs 

Key  Words:  Power  plants  (facilities).  Noise  reduction 

Correct  selection  and  specification  of  sound  criteria  for  gas 
turbine  installations  is  absolutely  necessary  to  maintain  good 
neighbor  and  employee  relations.  This  paper  is  intended  to 
illustrate  that  diligent  acoustic  site  analysis  and  criterion 
selection  can  also  result  in  substantial  economic  benefits  to 
the  gas  turbine  user. 


ACTIVE  ISOLATION 


77-1838 

A Pneumatic  On-Off  Vehicle  Suapeniion  Syatem 

V.L.  Klinger  and  A.J.  Cialzado 
Systems  Control,  Inc.,  Palo  Alto,  CA,  J.  Dyn,  Syst., 
Meas,  and  Control,  Trans.  ASME,  92  (2),  pp  130-136 
June  1977)  7 figs  1 1 refs 

Key  Words:  Suspension  systems  (vehiclet).  Active  isolation, 
railroad  cart 

An  active,  nonlinear,  pneumatic  suspension  applicable  to 
passenger  railcars  it  described.  Standard  on-off  valves  modu- 
late pressure  differences  between  dual  opposing  airbags  to 
attenuate  vibration  and  create  guidance  forces.  Improved 
vibration  isolation  over  that  of  conventional  passive  suspen- 
sions is  achieved  at  low  power  lavalt.  Guidarx;e  forces  are 
provided  with  small  suspension  travel  using  short  bursts  of 
compressed  air  taken  from  vehicle  supply  reservoirs.  Accel- 
eration, relativa  displacement,  and  pressure  transducers 
provide  the  control  signals  required  for  ttebilization,  feed- 
forward guidance  commands,  and  disturbance  attenuation. 
Simulation  results  indicate  that  performaiKe  comparable  to 
hydraulic  sarvotystams  can  be  attained  with  substantiallv 
reduced  systam  complexity  and  power  requirements. 


77-1839 

Deflign  Concepts  for  a Fully  Active  Helicopter  Vibra- 
tion Isolation  System  by  Means  of  Output  Vector 
Feedback  (Konzepte  zur  Audegung  eines  volakthren 


Hubschrauber-Schwingungs  Isolationasystems  mtttels 
Ausgangsvektorrueckfuehrung) 

G.  Schulz 

Deutsche  Forschungs-  und  Versuchsanstalt  f.  Luft- 
und  Raumfahrt,  Oberpfaffenhofen,  W.  Germany, 
Rept,  No.  DLR-IB-552-76/12,  63  pp  (Sept  1976) 
refs 

(In  German) 

N77-21085 

Key  Words:  Helicopters,  Active  isolation 

Concepts  taken  from  the  theory  of  output  vector  feedback 
(few  parameters)  were  used  to  develop  a controller  for  fully 
active  vibration  isolation  of  helicopters.  These  controller 
concepts  were  tested  on  several  models  of  the  80-105 
helicopter,  and  their  efficiency  is  demonstrated.  A compen- 
sation of  tha  rotor-originated  blade  number  harmonic  vibra- 
tion excitations  and  of  the  fast  automatic  trimming  in  the 
case  of  maneuvers  was  achieved. 


77-1840 

The  Design,  Analysi!,  and  Testing  of  a Low-Budget 
Wind-Tunnel  Flutter  Model  with  Active  Aerodynamic 
Controls 

R.  Bolding  and  R.  Stearman 

General  Dynamics  Corp.,  San  Diego,  CA.,  In:  NASA 
Langley  Res.  Center  Flutter  Testing  Tech.,  pp  213- 
242  (1976)  refs  (N77-21022) 

N77-21031 

Key  Words:  Flutter,  Wind  tunnel  tests.  Aircraft  wings. 
Testing  techniques.  Vibration  control 

A low  budget  flutter  model  incorporating  active  aerodynamic 
controls  for  flutter  suppression  studies  was  designed  as  both 
an  educationsi  and  research  tool  to  study  tha  interfering  lift- 
ing surface  flutter  pherxxnenon  in  the  form  of  a prrept  ming- 
tail  configuration.  A flutter  suppression  mechanism  was 
demonstrated  on  a simple  semirigid  three-dagree-of-fraadom 
flutter  model  of  this  configuration  employing  an  active  sta- 
bilator  control,  and  was  than  verified  analyticallv  using  a 
doublet  lattica  lifting  surface  coda  and  the  modei's  measured 
ntass,  mode  dtapas,  and  fraqueiKies  in  a flutter  analysis. 
Preliminary  studias  ware  significantly  encouraging  to  extend 
tha  analysis  to  the  larger  degree  of  freedom  Air  Force  Flight 
Dynamics  Laboratory  (AFFDL)  wlng-taH  flutter  modal 
where  additional  analytical  flutter  suppression  studios  in- 
dicatad  significant  gains  in  flutter  margins  could  be  achiavad. 
The  artalytiGal  and  experimental  design  of  a flutter  suppres- 
sion system  for  tha  AFFDL  modal  is  presented  along  with 
tha  results  of  a preliminary  passive  flutter  test. 
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AIRCRAFT 

(Also  see  Nos.  1736,  1737,  1738,  1739,  1743,  1744, 
1755,  1785,  1787,  1793,  1794,  1795,  1796) 


77-1841 

Analytical  Studica  of  Some  Acoiutic  Problems  of 
Jet  Engines 

S.M.  Candel 

Guggenheim  Jet  Propulsion  Ctr.,  California  Inst,  of 
Tech.,  Pasadena,  CA.,  Rept.  No.  DOT/TST-76-104, 
240  pp  (May  1976) 

PB-264  918/4GA 

Key  Words:  Aircraft  noise.  Jet  ettgines.  Noise  generation 

The  propagation  and  generation  of  acoustic  waves  in  a 
choked  nozzle  is  considered  where  pressure  aruf  entropy 
fluctuations  caused  by  gat  stream  non-uniformities  like 
Itot  spots,'  are  incident  on  the  nozzle  entrance.  A novel 
noise-generation  mechanism  is  found  which  produces  acous- 
tic waves  of  strength  proportional  to  the  entrance  entropy 
fluctuation  and  local  gradient  of  the  mean  flow  velocity.  A 
transformation  is  introduced  which  relates  the  solutions  of 
problems  involving  the  propagation  of  acoustic  waves  in  a 
mowing  medium  to  the  solutions  of  associated  problems  in 
a stationary  medium. 


77-1842 

Core  Noiae  MeaauremeaU  on  a YF-102  Turbofan 
EngiM 

M.  Reshotko,  A.  Karchmer,  P.F.  Penko,  and  J.G. 
McArdle 

Lewis  Res.  Center,  NASA,  Cleveland,  OH.,  J.  Air- 
craft, 14  (7),  pp  611-612  (July  1977)  4 figs,  1 ref 

Kay  Words:  Jet  aircraft.  Aircraft  noise.  Engine  noise.  Noise 
reduction.  Fans,  Jet  noise 

In  the  past  several  years  considerabls  progress  has  been  made 
in  reducing  the  noise  generated  by  jet  aircraft  engines.  The 
two  largest  sourrus  of  engirw  noise,  the  fan  arnf  the  |at 
exhaust,  have  been  reduced  significantly.  Further  treatment 
of  these  sources  may  not  reduce  the  overall  angina  noise 
because  an  acoustic  threshold  may  have  bean  reached.  This 
thrs#iold  consists  of  noise  generated  by  heretofore  poorly 
understood  sources  within  the  engine  core.  One  of  the  most 
likaty  sources  of  far-fMd  noise  originating  from  the  engine 
core  is  the  combustion  process,  during  wfiich  large  amounts 
of  chemical  energy  are  reiaasad. 


77-1843 

Combustion  Noise  Investigation 

D.C.  Mathews,  N.F.  Rekos,  Jr.,  and  R.T.  Nagel 
Institute  of  Labs,  Jamaica  Plain,  MA.,  Rept.  No. 
PWA-5478,  FAA-RD-77-3,  202  pp  (Feb  1977) 
AD-A038  154/IGA 

Key  Words:  Aircraft  noise.  Aircraft  engines,  Engirw  noise. 
Combustion  noise.  Noise  prediction 

Improved  methods  for  predicting  both  direct  and  indirect 
combustion  noise  from  aircraft  engines  are  developed  and 
experimentally  evaluated  by  conducting  rig  experiments  and 
by  comparing  with  data  from  several  full  scale  engines. 
Comparison  of  predictions  with  full  scale  engine  data  was 
made. 


77-1844 

An  Engine  Nozzle  Vibration  Phenomenon  Encounter- 
ed in  B-1  Flight  Teats 

S.K,  Dobbs,  J.R.  Stevenson,  and  C.L.  Arulf 
B-1  Div.,  Rockwell  International,  Inst.  Environ.  Sci., 
Proc.,  23rd  Annual  Mtg,,  Los  Angeles,  CA.,  pp  318- 
323  (Apr  25-27, 1977)  6 figs,  1 ref 

Kay  Words:  Airframes,  Aircraft  engines.  Geometric  effects. 
Engine  vibration.  Vibration  reduction 

An  engine  nozzle  vibratory  instability  encountered  in  B-1 
flight  tests  is  described.  Measured  engine  and  engirw  nozzle 
ground  and  flight  vibration  datt  were  utilized  to  develop  a 
theory  that  both  explains  the  phenomenon  and  discloses  a 
stable  nozzle  configuration.  Flight  and  engine  test  cell  data 
are  presented  demonstrating  the  validity  of  the  theory. 


BRIDGES 


77-1845 

Dynamic  Analyas  of  Horizontally  Curved  I-Girder 
Bridges 

S.  K.  Chaudfiuri  and  S.  Shore 
Dept,  of  Civil  and  Urban  Engrg.,  Univ.  of  Pennsyl- 
vania, Philadelphia,  PA,  ASCE  J.  Struc.  Div.,  1M 
(ST8),  pp  1589-1604  (Aug  1977)  18  figs,  1 table, 
20  refs 

Sponsored  by  the  Consortium  of  Univ.  Res.  Teams 
and  Federal  Highway  Administration 

Key  Words;  Bridges,  Plates,  Beams,  Moving  loads.  Mathemat- 
ical modals 


74 


Th«  finite  element  displacement  method  it  used  with  annular 
plate,  thin-walled  curved  beam,  straight  prismatic  beam,  and 
frame-type  diaphragm  elements  for  the  dynamic  analysis 
of  horizontally  curved  I-girder  highway  bridges.  The  stiffness 
and  inertia  properties  of  the  finite  elements  are  obtained 
within  the  bounds  of  linear  elasticity  and  small  displacement 
theories.  Warping  of  the  girder  cross  taction  due  to  torsion 
it  iiKluded  in  the  analysis.  The  moving  vehicle  on  the  bridge 
it  idealized  as  a sprung  mats  supported  on  two  unsprung 
masses.  The  centrifugal  forces  aritirtg  due  to  the  motion  of 
the  vehicle  in  a circular  path  are  irKluded  in  the  analysis. 


77-1846 

Model  Expenments  for  Span-Vehicle  Dynamica 

J.F.  Wilson 

Civ.  Engrg.  Dept.,  Duke  Univ.,  Durham,  NC,  ASCE 
J.  Engr.  Mech.  Div.,  103  (EM4),  pp  701-715  (Aug 
1977)  11  figs,  14  refs 

Sponsored  by  the  U.S.  Dept,  of  Transportation 

Kay  Words:  Bridges,  Movirtg  loads.  Mathematical  models 

The  transient  dynamics  of  multiple-span  beam  -type  bridges 
responding  to  constant  speed,  sprung  and  unsprung  vahicle 
loads  are  investigated  experimentally.  Both  instrumentation 
and  the  severe  problems  of  dynamic  modeling  of  realistic 
prototypes  are  considered.  Scaling  parameters  such  as  vehicle 
mass  to  span  mass  .-ttio,  passage  frequency  to  bridge  fre- 
quency ratio,  vahicle  suspension  frequency  ratios,  atKf  load- 
ing length  to  span  length  ratio  are  defined  and  applied  to 
the  design  of  a laboratory  test  facility.  Considered  are  pro- 
blems of  data  retrieval  for  the  bridge  dynamics  and  for  the 
vahicle  heave  acceleration.  The  latter  data,  needed  to  design 
safe  and  comfortable  vehicle  suspension  systems,  are  essen- 
tial in  future  urban  and  interurban  transportation  systems. 
Span  data  are  presamad  in  nondimensional  form,  suitable  for 
design  purposes. 


77-1847 

Forced  and  Setf-ExcMed  Reaponees  of  a Bhiff  Struc- 
ture hi  a Tuihulent  Wind 

W -H.  Lin 

Ph  D.  Thesis,  Princeton  Univ.,  349  pp  (1977) 

UM  77-14,249 

Kay  Words:  Suspension  bridges.  Fluid  induced  excitation. 
Wind-induced  excitation 

A general  theoretical  method  Is  first  set  out  to  describe  the 
phenomenon  of  the  aerodynamic  buffeting  of  bluff,  don- 
gated  bodies  - in  particular,  the  deck  of  a long,  suggandad- 
span  bridge.  The  endytical  model  indudas  the  aquatlont  of 
motion,  the  self-excltad  forces,  and  the  tkne-dapendant 
buffeting  forces  of  the  wind,  these  last  being  conskterad 
Independent  of  the  others. 


BUILDING 

(Also  see  No.  1789) 

77-1848 

Estimation  of  Alon^intl  Building  Response 

E.  Simiu,  R.D.  Marshall,  and  S.  Haber 
Center  for  Building  Tech.,  National  Bureau  of  Stan- 
dards, Washington,  D.C.,  ASCE  J.  Struc.  Div.,  IW 
(ST7),  pp  1325-1338  (July  1977)  1 fig,  3 tables, 
27  refs 

Key  Words:  Buildings,  Wind-induced  excitation 

The  differences  between  the  values  calculated  for  the  dy- 
namic alongwind  response,  the  gust  response  factors,  and  the 
total  alongwind  response  obtained  using  various  current  pro- 
cedures may  in  certain  cases  be  of  the  order  of  100%.  The 
purpose  of  this  paper  is  to  investigate  the  causes  of  such 
differerKBS.  A comparison  is  made  between  alongwiixf 
deflections  of  typical  buildings  selected  as  case  studies, 
calculated  by  both  rtew  and  traditional  procedures,  some  of 
which  are  described  in  various  building  codes.  The  reasons  for 
the  differences  between  the  respective  results  are  pointed 
out.  The  procedures  were  evaluated  on  the  basis  of  a recently 
developed  method  which  utilized  a logarithmic  variation  of 
wind  speed  with  height  above  ground  and  a height-dependent 
expression  for  the  spectrum  of  the  longitudinal  wind  speed 
fluctuations.  The  method  also  allows  for  realistic  cross- 
corralstion  between  pressures  on  the  windward  and  leeward 
building  faces. 

77-1849 

Ambient  and  Forced  Vibration  Analyaia  of  Fidl- 
Scale  Structures 

C.A.  Kircher 

Ph.D.  Thesis,  Stanford  Univ.,  254,  pp  (1977) 

UM  77-1 2,654 

Key  Words:  Forced  vibration.  Multistory  buildings 

Vibration  analysis  tachniquas  are  used  to  examine  the  dy- 
namic charactaristict  of  full  scale  structures.  Specifically, 
the  results  of  a study  of  six  similar  high-rise  apartment  buMd- 
ings  and  a study  of  two  230  KV  air  Mast  circuit  breakers  are 
pretented.  A portable  minl-computar  system  has  been  used 
to  perform  on-site  acceleration  maasuramonts  and  corras- 
pondlng  anafyses  (a.g.,  calculation  of  powar  UMCtra).  This 
mini-computar  systam  it  programmed  for  data  acquisKion 
and  discrata  Fouriar  analysis.  Forced  vibration  excitation  of 
the  breaker  structures  it  accompllthad  by  a portable  elactro- 
magnatic  diakar  unit.  The  forced  vibration  input  to  the 
itructurat  include  white  noise  as  wall  as  sinusoidal  excita- 
tions. The  study  of  six  simHar  high-risa  apartmant  buildings 
Is  parformad  by  the  examination  of  power  u>*ctra  obtained 
from  ambient  vibration  maasuramams.  Two  230  KV  air  blast 
circuit  breakers  are  studied  by  examining  the  powar  qaactra 
from  ambient  arxl  forced  vibration  maasuraments. 
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77  1850 

Torsionai  Seianic  Reiponse  of  Symmetrical  Struc- 
tures 

M.  Valathur  and  H.H.  Shah 

Sargent  & Lundy,  Chicago,  IL,  ASCE  J.  Power  Div., 
103  (POD,  pp  65-75  (July  1977)  11  figs,  5 tables, 
3 refs 

Key  Words:  Buildings,  Seismic  response 

An  approach  to  evaluate  the  torsional  effect  has  been  pre- 
sented, using  the  time-history  method  of  analysis.  This  ap- 
proach considers  the  effect  of  building  size,  wave  propagation 
velocity,  and  the  dynamic  characteristics  of  the  structure. 
Based  on  wave-propagation  consideration,  the  ground  motion 
is  treated  to  produce  translational  and  torsional  input  time- 
history  motions  for  which  a conventional  seismic  model  can 
be  analyzed. 


CONSTRUCTION 

^See  No.  1851) 


FOUNDATIONS  AND  EARTH 


77-1851 

VibrorepUcement  and  Reinforced  Earth  Unite  to 
Strengthen  a Weak  Founilation 

A.  Mufioz,  Jr.  and  R.M.  Mattox 
U.S.  Dept,  of  Transportation,  Fed.  Highway  Admin., 
819  Taylor  St.,  Ft.  Worth,  TX  76102,  Civ.  Engr., 
47  (5),  pp  58-62  (May  1977)  4 figs 

Kay  Words:  Construction  equipment  Soils,  Vibratory 
techniqua* 

The  Reinforced  Berth  technique  It  well  known  in  the  U.S.; 
the  Vibroreplacement  process  is  rdathrsly  new.  It  utNIzet  the 
tame  equipment  as  the  Vifaroflotation  process,  namely  the 
Vibroflot,  to  place  "stone  columns"  through  the  weak  toil 
to  support  the  fill  above.  On  top  of  theta  columns  a Rein- 
forced Earth  retaining  svall  it  buNt.  The  stone  columns  are 
placed  by  using  the  Vibrofloi  to  penetrate  the  subsurface 
toil  to  a prerletarmirsad  depth.  The  letting  medium  can  be 
water  or  comprattad  air.  The  resulting  hole  it  backfillsd  in 
stages  with  coarse  granular  fill  vdiich  it  thoroughly  compacted 
and  displaead  into  the  surrounding  toH.  The  compaction 
process  is  carried  out  by  withdrawing  the  vibrator  slowly 
with  shernetirtg  up  and  dosvn  movements. 


77-1852 

Semianalytic  Hyperdement  for  Layered  Strata 

E.  Kausel  and  J.M.  Roesset 

Stone  and  Webster  Engrg.  Corp.,  Boston,  MA,  ASCE 
J.  Engr.  Mech.  Div.,  1M  (EM4)  pp  569-588  (Aug 
1977)  6 figs,  8 refs 

Kay  Words:  Wave  propagation.  Layered  materials.  Interac- 
tion: soil-structure.  Foundations 

The  paper  presents  a new  numerical  technique  to  solve 
dynamic  wave  propagation  problems  in  layered  systems. 
The  method  is  based  on  the  closed-form  analytical  solution 
in  the  direction  parallel  to  the  layering,  and  arbitrary  dis- 
placement expansions  in  the  direction  perpendicular  to  it. 
Detailed  information  is  given  for  the  use  of  the  theory  for 
the  particular  case  of  a linear  expansion.  The  main  advantage 
of  the  theory  it  that  a great  reduction  in  the  number  of 
degreet-of-freedom  necessary  to  model  a system,  as  compared 
to  conventional  finite  element  models,  can  be  attained. 
The  advantage  it  achieved  at  the  expense  of  having  to  solve 
the  system  in  the  frequency  domain,  and  having  to  compute 
the  stiffness  matrix  for  each  individual  frequency.  The 
method  it,  therefore,  limited  to  linear  systems.  The  relatively 
modest  size  of  the  problem  allows  a solution  in  fast  memory, 
without  having  to  resort  to  peripheral  storage  allocation. 

77-1853 

Design  of  Machine  Foundations  on  Piles 

J.P.  Singh,  N.C.  Donovan,  and  A.C.  Jobsis 
Dames  & Moore,  San  Francisco,  CA,  ASCE  J.  Geo- 
tech. Engr.  Div.,  (GT8)  pp  863-877  (Aug  1977) 
8 figs,  2 tables,  18  refs 

Key  Words:  Interaction:  toil-structure.  Machine  foundations. 
Cantilevers 

A practical  method  for  the  analysis  of  pile-supported  founda- 
tions subjected  to  dynamic  loadings  is  described.  The  method 
uses  a tingle-degrae-of-freedom  mass-spring-dashpot  modal 
of  a form  similar  to  that  used  for  shallow  foundations  to 
analyze  the  response  of  the  actual  system.  The  method  of 
analytlt  uses  the  concept  of  an  aquivalant  cantilever,  which  it 
a technique  to  simplify  the  soH-structura  interaction  pro- 
blem, artd  allow  the  computation  of  equivalent  spring  con- 
stants in  all  modes  of  vibration.  The  method  is  demonstrated 
with  an  actual  case  history  where  computed  and  observed 
motions  are  compared. 

77-1854 

Method  for  Dynamic  Teating  of  Dams 

D.K.  Ostrom  and  T.A.  Kelly 
Southern  California  Edison,  Los  Angeles,  CA,  ASCE 
J.  Power  Div.,  103  (POD,  PP  27-36  (July  1977) 
8 figs,  2 tables,  7 refs 
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Kay  Words:  Oams,  Dynamic  lasts.  Tasting  tachniquas,  Sais- 
mic  rasponsa 

Tha  Poppar  Tast  is  an  affactive  tast  that  is  easy  to  conduct 
and  can  ba  used  to  help  determine  tha  dynamic  response 
charactaristics  of  small  to  modarataly  large  concrete  dams. 
The  Poppar  Tast  method  is  particularly  suited  in  single-arch 
arrd  multiple-arch  concrete  strength  dams.  This  test  method 
combines  tha  versatility,  ease,  and  low  cost  of  ambient  test- 
ing with  the  data  quality  advantages  of  active  testing.  Funda- 
man;al  mode  data  (mode,  shape,  frequency,  and  damping) 
can  ba  extracted  visually  in  the  field  with  proper  filtering  of 
the  transducer  signal.  Detailed  higher  mode  information  must 
ba  obtained  by  analytical  techniques  or  more  specialized 
field  equipment. 


HELICOPTERS 

(Also  see  Nos.  1784.  181 1 . 18391 


Bell  Helicopter  Co.,  Fort  Worth,  TX,  In:  NASA 
Langley  Res.  Ctr.  Flutter  Testing  Tech.,  pp  501- 
512  (1976)  refs  (N77-21022) 

N77-21041 

Key  Words;  Flutter,  Flight  tests.  Helicopters,  Moving  block 
technique 

A flight  flutter  testing  technique  is  described  in  which  the 
rotor  controls  are  oscillated  by  series  actuators  to  excite  tha 
decay.  Tha  moving  block  technique  is  then  used  to  detarmirte 
the  damped  frequency  arxl  damping  variation  with  rotor 
speed.  Tha  method  proved  useful  for  tracking  the  stability 
of  relatively  well  damped  modes.  The  results  of  recently 
completed  flight  tests  of  an  experimental  soft-irvpiana 
rotor  are  used  to  Niustrate  the  technique.  Included  is  a dis- 
cussion of  tha  application  of  this  technique  to  investigation 
of  the  propallar  whirl  flutter  stability  characteristics  of  the 
NASA/Army  XV-15  VTOL  tilt  rotor  research  aircraft. 


77-1855 

Helicopter  Noiae  Reduction  Design  Trade-Off  Study 

M.A.  Bowes 

Kaman  Aerospace  Corp.,  Bloomfield,  CT,  Rept.  No. 
R-1493,  F AA-AEQ-774, 252  pp  (Jan  1977) 

AD-A038  192/IGA 

Kay  Words:  Helicopter  noise.  Noise  reduction 

A study  was  performed  to  datarmirte  the  noise  reduction 
benefits  artd  costs  associated  with  applying  state-of-theart 
noise  reduction  methods  to  future  design  civil  helicnoters. 
As  part  of  this  study,  a survey  of  tha  make-up  of  tho  chrii 
fleet  was  performed,  and  this  flaet  make^jp  was  projectad  to 
the  1980  time  frame.  Anelytical  methods  were  developed 
and/or  adopted  for  calculating  helicopter  component  noise, 
end  these  methods  were  irtcorporated  into  a unified  total 
vahicla  noise  calculation  modal.  Analytical  methods  wars 
also  developed  for  calculating  tha  effects  of  noise  reduction 
methodology  on  helicoptar  design,  performance  arxl  cost. 
The  analytical  methods  wars  used  to  calculate  baseline  noise 
and  cost  characteristict  of  several  axistiitg  civil  halicoptars. 
Thass  methods  were  also  used  to  calculate  changes  in  noise, 
design,  performartca  and  cost  due  to  tha  incorporation  of 
artgine  and  main  rotor  noise  reduction  methods.  Alt  noise 
reduction  techniques  were  evaluated  in  the  context  of  an 
establishsd  mission  parformanca  criterion  which  included 
consideration  of  hover  esMing,  forward  flight  rangs/speed/ 
payload  and  rotor  stall  margin. 


77-1856 

Flight  Flutter  Teatiag  of  Rotary  Wing  Aircraft 
Uang  a Control  Syttem  Oicllation  Technique 

J.G.  Yen,  S.  Viswanalh8n,and  C.G.  Matthys 


HUMAN 


77-1857 

A Survey  of  Longitudinal  Acederation  Comfort 
Studies  in  Ground  Transportation  Vehicles 

L.L.  Hoberock 

Mech.  Engrg.  Dept.,  The  Univ.  of  Texas  at  Austin, 
TX,  J.  Dyn.  Syst.,  D^eas.  and  Control,  Trans.  ASME, 
99  (2),  pp  76-84  (June  1977)  4 figs,  15  tables,  20  refs 
Sponsored  by  the  U.S.  Dept,  of  Transportation 

Kay  Words:  Passenger  vehicles.  Human  tolerance.  Longitu- 
dinal response 

Experimental  studies  of  objective  and  subjective  passenger 
response  to  various  fore-artd-aft,  or  longitudinal,  vehicle 
acceleration  transients  are  reviewed.  It  is  found  that  the 
wide  variability  in  type  of  study  and  form  of  results  does  not 
allow  condusiva  statements  to  be  made  regarding  passenger 
acceptability  of  any  specific  accaleration-jark  prof  Me  in  a 
given  transportation  system. 


77-1858 

Driling  Tool*  for  the  Flydrilling.  Meaaurements  for 
the  Analya*  of  Vibration  and  Noiae 

G.  Vonnemann 

VDI  Z.,  119  (9),  pp  446-450  (May  1977)  8 figs,  12 
refs 

Kay  Words:  Tools,  Vibration  measurement.  Noise  measure- 
ment 
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It  will  b«  nacenary  in  itia  tutura  to  taka  cara  at  an  avar  in- 
craating  maaaura  that  hand  drill  hammart  work  vibrationlen 
and  with  littia  noiw.  In  ordar  to  achiave  a batter  understand- 
ing, the  manner  of  functioning  of  electric  drill  hammers  is 
axplainad  in  the  first  place  followed  by  an  insight  into  the 
method  of  the  flydrillittg.  Subsequently  it  it  shown  that  the 
tool  genaracas  an  essential  portion  of  the  originating  vibra- 
tiont  and  of  the  emitting  noise.  Suggestions  for  the  reduction 
of  the  environmental  load  result  from  the  representation  of 
the  vibrations  on  account  of  the  tool  and  of  the  noise  forma- 
tion by  drilling  tools.  In  ordar  to  increase  the  reproduci- 
bility of  vibration  maasuremants  at  drill  hammers,  a physical 
model  of  the  human  hand-arm  system  is  required  which  in 
its  behavior  can  be  applied  as  a feeding  system  for  electric 
drill  hammers. 


MATERIAL  HANDLING 


77-1859 

Vibrating  Conveyance  of  Granular  Materials 

K.  Sakaguchi 

Nagoya  Industrial,  Japan,  Bull.  JSME,  20  (143), 
pp  554-560(Ma,'  1977)  12  figs,  10  refs 

Key  Words:  Conveyors,  Vibrating  structures.  Granular 
materials 

The  conveying  mechanism  is  analyrad  considering  air  flow 
resistance  and  re-arrangement  of  the  granules  that  is  ex- 
plained by  frictional  modal.  Rice,  gravel  and  Alundum  are 
experknantally  conveyed,  and  the  accalaration,  the  loci,  the 
landing  phase  and  the  conveying  velocity  are  maasurad. 


MECHANICAL 

(Also  see  No.  1733) 


77-1860 

The  Critical  Excitation  of  Nonlinear  Systems 

B.F.  Drenick 

Dept,  of  Systems  Engrg.,  Polytechnic  Inst,  of  New 
York,  Brooklyn,  NY,  J.  Appl.  Mech.,  Trans.  ASME, 
44  (2),  pp  333-336  (June  1977)  8 refs 
Sponsored  by  the  National  Science  Foundation 

Key  Words:  Failure  snalysis.  Maximum  reaponsa.  Nonlinear 
tyttams,  Machanieal  systems 

The  crhical  excitation  of  a mechanical  system,  In  the  termin- 
ology of  this  paper,  is  one  that  drivas  the  system  to  a larger 
rasponse  peak  than  arty  other  In  soma  dass  of  allowad 
excitations.  The  criticsl  excitation  Is  of  Interest  In  questions 


related  to  the  reliability  end  safety  because  the  magnitude  of 
the  response  peak  is  frequently  an  indicator  of  the  survivs- 
bility  of  the  system.  The  problem  of  finding  it  has  been 
solved  for  linear  systems  some  time  ego.  This  peper  dealt 
with  the  generalization  of  the  problem  to  nonlinear  tyttams. 
It  it  shown  that  its  solution  it  in  many  ways  analogous  to 
its  earlier  counterpart. 


METALWORKING  AND  FORMING 

(See  No.  1806) 


PUMPS,  TURBINES,  FANS,  COMPRESSORS 

lAlso  see  1738,  1739,  1807) 


77-1861 

Study  on  High  Specific  Speed  Airfoil  Fans  (First 
Report,  Effects  on  Tongue  Clearance  & Mouth  Ring 
Clearance) 

S.  Suzuki  and  Y.  Ugai 

Noise  Control  Engrg.  Ctr.,  Central  Res.  Institute, 
Ebara  Mfg.  Co.,  Ltd.,  Fujisawa-shi,  Japan,  Bull. 
JSME,  ^ (143),  pp  575-583  (May  1977)  25  figs, 
1 table,  6 refs 

Key  Words:  Fans,  Noise  generation 

The  work  presented  here  it  a study  to  determ  ins  the  effects 
of  such  structural  factors.  For  experknantal  purposes  two 
types  of  tongues  were  developed:  a skew  type  slanting  in 
the  direction  parallel  to  the  vane  outlet  width;  and  a modi- 
fied type  having  a dearsnce  changed  in  the  tame  direction 
at  above.  A tariet  of  experiments  was  performed  in  tingle 
suction  type  airfoil  fans  in  which  these  parameters  were 
incorporated.  At  a result,  their  affects  on  the  performance, 
noise  level  and  noise  spectrum  of  the  fan  were  clarified, 
thus  enabling  us  to  obtain  useful  informetion  for  fan  design 
optimization. 


77-1862 

Acoustic  and  Aerodynamic  Perfonsiance  of  a 1.5- 
Preaaine-Ratio,  1.83-Meter  (6  ft)  Diameter  Fan 
Stage  for  Tuibofsn  Engines  (OF-2) 

R.P.  Woodward,  J.G.  Lucas,  and  J.R.  Balornbin 
Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Rept.  No. 
NASA-TM-X-3521,  E-8968,  57  pp  (Apr  1977)  rets 
N77-21051 

Key  Words:  Fara,  Turbofan  engines,  Aarodyiwmic  response. 
Acoustic  ratponte 
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The  fan  «vat  externallv  driven  by  an  electric  motor.  Design 
features  for  low-noise  generation  included  the  elimination  of 
inlet  guide  vanes,  long  axial  spacing  between  the  rotor  and 
stator  blade  rows,  and  the  selection  of  Uade-vane  numbers 
to  achieve  duct-mode  cutoff.  The  fan  QF-2  results  were 
compared  with  those  of  another  full-scale  fan  having  essen- 
tially identical  aerodynamic  design  except  for  nozzle  geo- 
metry and  the  direction  of  rotation.  The  fan  QF-2  aerody- 
namic results  were  also  compared  with  those  obtained  from 
a 50.8  cm  rotor-tip-diameter  model  of  the  reverse  rotation 
fan  QF-2  design.  Differences  in  nozzle  geometry  other 
than  exit  area  significantly  affected  the  comparison  of  the 
results  of  the  full-scale  fans. 

77-1863 

Effect  of  Inlet  Diatuifaance  on  Fan  Inlet  Noise 
During  a Static  Test 

K.L.  Belofske,  R.E.  Sheer,  Jr.,  and  J.C.F.  Wang 
General  Electric  Co..  Schenectady,  NY.  Rept.  No. 
NASA-CR-135177,89  pp  (Apr  1977)  refs 
N77-21091 

Key  Words:  Fans,  Noise  maasuranrrent 

Measurements  of  fan  rotor  inlet  noise  taken  during  static 
test  situations  ara  at  variatKa  with  aircraft  engine  flight  data. 
In  particular,  static  tasts  ganerally  yiald  a significantly  higher 
tone  at  blade  passage  frequency  than  that  measured  during 
flight.  To  explain  this  discrepancy,  the  extern  of  the  influ- 
ettce  of  imat  ground  vorticas  and  large-scale  inlet  turbulence 
on  the  forward-radiated  fan  noise  measured  at  a sutic  test 
facility  was  invastigated.  While  such  inlat  disturbances 
were  generated  intentionally  in  an  anachoic  test  chamber, 
far-field  acoustic  msaaurements  and  inlat  flow-fMd  hot-film 
mappings  of  a fan  rotor  wars  obtained.  Experimental  results 
indicate  that  the  acoustic  effect  of  such  disturbances  appears 
to  be  lass  severe  for  supersonic  than  for  subsonic  tip  speeds. 
Further,  a reverse  flow  that  occurs  on  the  exterior  cowl  in 
static  test  facilitias  appears  to  be  an  additional  prime  candi- 
date for  creating  inlet  disturbance  and  causing  variance  be- 
tween flight  and  static  acoustic  data. 

77-1864 

Computer  Analyiia  of  Turbine  Vibration 

Diesel  and  Gas  Turbine  Progress,  ^ (7),  pp  28-29 
(July  1977)  5 figs 

Key  Words;  Turbinas.  Vibration  msssurament,  Computar 
aided  techniques 

A Data  Memory  System  <DMS)  for  measuring  the  effects 
of  transient  phanomami  on  tuibine  gat  generator  rotor 
dynamiet.  such  at  bfana  lost,  ft  datcribad.  It  it  a modular 
solid  state  recorder  that  captures  information  digitally 
from  axtramely  dion  duration  events,  and  plays  back  In 
digital  or  analog  form  to  a variety  of  display  and  analytls 
dcvicat. 


77-1865 

Turbochaiger  Radial  Turbine  with  Improved  Vibra- 
tional Characteriatica 

M.  Naguib 

Brown  Boveri  Rev.,  M (4),  pp  221-225  (Apr  1977) 
5 figs,  1 table,  7 refs 

Key  Words:  Turbines,  Design 

Turbochargers  are  specified  by  the  engine  manufacturers  for 
various  charging  systems  which  can  deal  with  high  pressure 
ratios  and  which  are  efficient  errough  to  cope  with  severe 
conditions.  These  can  be  high  exhaust-gas  temperatures, 
frequent  load  changes  and  pulse  charging.  In  order  to  take 
account  of  these  requirements  by  widening  the  capabilities 
of  the  RR  turbocharger,  it  was  necessary  to  develop  a new 
radial  turbine.  Modern  experimental  arxl  anUytical  aids 
were  employed  in  the  development  of  a vibration-resistant 
radial  turbine:  the  natural  frequencies  and  natural  modes  of 
the  blades  were  determined  with  the  aid  of  holography;  the 
dynamic  stresses  and  frequencies  were  measured  with  tele- 
metric equipment  and  the  natural  frequencies,  the  natural 
modes  and  the  stress  distribution  were  calculated  with  the 
aid  ti  the  finite  element  method.  A comparison  of  the 
measured  and  calculated  values  shows  that  they  correlate 
well.  The  tuibine  manufactured  on  the  basis  of  the  new  de- 
sign has  been  undergoing  trials  since  the  summer  of  1976. 


RAIL 

(See  No.  1838) 


REACTORS 


77-1866 

G>mputer  Modding  of  Flow  Induced  in-Reactor 
Vibrationa 

P.  Turula  and  T.M.  Mulcahy 

Components  Tech.  Div.,  Argonne  National  Lab., 
Argonne,  IL,  ASCE  J.  Power  Div.,  103  (P01 ),  pp  37- 
50  (July  1977)  6 figs,  1 table,  20  refs 

Kay  Words:  Nuclear  reactors,  Flukf-inducad  excitation, 
Computar  programs 

An  asaasamant  of  the  rellabilitv  of  finite  alament  method 
computar  modelt,  at  applied  to  the  computation  of  flow  irv 
ducad  vibration  response  of  components  used  In  nudaar 
raactors,  it  presented.  The  prototype  under  conskfaration  was 
the  East  Flux  Test  Facility  reactor  being  constnicted  for 
US-ERDA.  Data  ware  available  from  an  extensive  test  pro- 
giem  which  used  a scale  modal  simulating  the  hydraulic  and 
structural  charaeteristiet  of  tha  prototype  components. 
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Mbjected  to  Kaled  prototypic  flow  condition!  as  wail  as  to 
laboratory  shaker  excitations.  Corresponding  analytical 
solutions  of  the  component  vibration  problems  were  ob- 
tained using  the  NASTRAN  computer  code.  Model  analyses 
and  response  analyses  were  performed.  The  effect  of  the 
surrounding  fluid  was  accounted  for.  Several  possible  forcing 
function  definitions  were  considered.  Results  indicate  that 
modal  computations  agree  well  with  experimental  data. 
Response  amplitude  comparisons  are  good  only  under  condi- 
tions fevorable  to  a clear  definition  of  the  structural  and 
hydraulic  properties  affecting  the  component  motion. 


RECIPROCATING  MACHINE 


77-1867 

On  the  Frequency  Content  of  the  Surface  Vibration 
of  a Dieael  Engine 

V.  Marples 

Dept  of  Engrg.,  Univ.  of  Warwick,  Coventry,  UK, 
J.  Sound  Vib.,  52  (3),  pp  365-386  (June  8,  1977) 
12  figs,  17  refs 

Key  Words:  Diesel  engines.  Vibration  effects.  Noise  source 
identification.  Noise  reduction 

The  results  of  an  experimental  investigation  into  the  narrow 
band  frequency  content  of  the  urface  vibration  of  a particu- 
lar tour  cylinder,  water-cooled,  iitdirect  injection  diesel 
ertgine  are  described.  The  long  term  objective,  of  which  the 
work  reported  here  is  a part,  it  the  reduction  of  noise  emis- 
sion at  source.  Noise  it  radiated  from  the  engine  at  a result 
of  surface  vibration.  The  characteristict  of  surface  vibration 
ere  described  and  an  explanation  it  given  of  why  the  discrete 
frequency  ratponse  of  the  engine  hat  hitherto  appeared  to 
be  broad  band  in  nature.  The  relationship  of  the  pure  tone 
response  to  the  combustion  pressure  spectrum  it  alto  de- 
scribed. 


ROAD 


77-1868 

An  ExperimenUl  Investigation  of  Trunk  Flutter  of 
an  Air  Cushion  Landing  System 
C.J.  Forzono 

Air  Force  Flight  Dynamics  Lab.,  Wright-Patterson 
AFB,  OH,  Rapt  No.  AFFDL-TR-75-107,  101  pp 
(Nov  76) 

AD-A038  550/IGA 

Kay  Words:  Ground  effect  machines.  Air  cushion  lartding 
systems.  Flutter 


The  objective  of  this  work  was  to  experimentally  investigate 
the  phenomenon  of  air  cushion  vehicle  trunk  flutter  and 
attempt  to  eliminate  it.  The  occurrence  of  trunk  flutter  wes 
found  to  be  eliminated  with  the  use  of  tread  strips  (1/2  in.- 
wide  pieces  of  rubber,  cut  to  certain  lengths  and  thicknesses) 
attached  to  the  bottom  of  the  trunk  tread.  These  strips 
form  channels  when  placed  tide-by-tide  that  ailow  the  flutter- 
producing  cushion  air  to  escape  from  beneath  the  vehicle 
without  causing  trunk  flutter.  This  flutter  elimination  device 
can  be  employed  without  the  lost  of  the  required  cushion 
pressure  or  an  increase  of  the  drive  air  flow  into  the  air 
cushion  system. 


77-1869 

(xtupled  Vertical-Lateral  Dynamics  of  Pneumatic 
Tired  Vehicles  Subject  to  Roadway  Roughness  Inputs 

N.S.  Nathoo 

Ph.D.  Thesis,  The  Univ.  of  Texas  at  Austin,  TX, 
199  pp  (1976) 

UM  77-11,561 

Key  Words:  Interaction:  wheel-pavement.  Mathematical 
models.  Surface  roughness.  Automobiles,  Coupled  response. 
Pneumatic  tires 

A method  it  presented  which  permits  the  simulation  of  the 
coupled  vertical  and  lateral  response  of  an  automobile  to 
roadway  roughness  inputs.  A general  tat  of  aquations  in 
matrix  form  it  obtained  for  an  assumed  twelve  degrees  of 
freedom  mathematical  modal  of  the  vehicle-tire  system  using 
generalized  linear  and  Euler  angle  coordinates.  Kinematic 
relations  for  a rolling  tire  which  treat  it  at  an  elastically 
supported  string  under  tension  are  formulated  to  study  its 
lateral  behavior.  A mathematical  representation  it  obtained 
for  the  external  forces  that  act  on  the  vehicle  through  the 
tire-road  contact  interface  at  a function  of  vehicle  response 
variables  and  parameters  of  the  vehicle-tire  system.  The 
generel  set  of  equations  it  subsequently  simplified  in  order 
to  apply  them  to  a vehicle  moving  along  a straight  rough 
roadway. 


ROTCRS 


77-1870 

A General  Rotor  Model  Syatem  for  Wind-Tunnel 
Inveatigations 

J.C.  Wilson 

l_angley  Res.  Center,  NASA,  Hampton,  VA,  J.  Air- 
craft, 14  (7),  pp  639-643  (July  1977)  11  figs,  1 
table,  8 refs 

Kay  Words:  Rotors,  Wind  tunnel  tests 
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A complex  rotorcraft  model  lyttem  hat  been  developed  for 
the  NASA  Langley  Research  Center  and  the  U.S.  Army  Air 
Mobility  R&D  Laboratory,  Langley  Directorate,  for  aero- 
dynamic and  acoustic  experimental  investigations  in  the 
NASA  Langley  V/STOL  tunnel.  This  generalized  rotor  model 
system  hat  a powered  main  rotor,  tail  rotor,  and  auxiliary 
engine  capability.  It  may  be  configured  to  represent  a variety 
of  rotorcraft  configurations.  The  first  investigation  was 
conducted  to  determine  the  performance,  acoustic,  stability, 
and  control  characteristics  of  the  NASA/Army  Rotor  Sys- 
tems Research  Aircraft  with  an  articulated  rotor.  In  a second 
investigation,  a 1/4-tcale  AH1G  configuration  with  a teeter- 
ing rotor  it  being  represented  to  determine  if  a V-tail  will 
improve  the  directional  characteristics.  Future  programs  are 
planned  to  investigate  advanced  rotor  blade  airfoils  for 
improved  performarK:e  and  acoustic  characteristics. 


77-1871 

Frequency  Reaponae  Teating  at  High  Frequency  in 
a Noiae  Environment  with  Particular  Reference  to 
Condition  Monitoring 

M.F.  White 

Inst,  of  Sound  and  Vib.  Res.,  Southampton  Univ., 
Southampton,  UK,  Rept  No.  ISVR-TR-84,  112  pp 
(Apr  1976)  refs 

Sponsored  by  the  Science  Res.  Council 
N77-21477 

Key  Words:  Rotating  structures.  Rotors,  Natural  frequency 

Condition  monitoring  of  rotating  machinery  demends  a 
knowledge  of  the  frequency  response  characteristics  of 
machine  structures  over  e wide  frequency  range.  The  pro- 
blems of  high  frequency  vibration  testing  ere  considered  both 
theoretically  and  experimentally  with  particular  reference 
to  fraquarKy  response  measurement  in  a noisy  environment. 
The  linear  swept  sinewiwe  transient  excitation  method  was 
applied  to  both  simple  and  mo.'a  typical  test  structures, 
and  techniques  for  signal  to  noise  ratio  improvement  were 
invastigated.  The  improvement  in  accuracy  of  transient  test 
data  usirtg  ensemble  averaging  was  found  to  be  governed  by 
the  timebasa  stabilitv  of  the  excitation  signal  and  frequency 
resolution.  Finally,  a method  of  inverse  transformation  was 
considarsd  to  enable  signals  from  components  within  a ma- 
chirM  to  be  related  to  the  exciting  force  with  the  aid  of 
transfer  functiont. 


77-1872 

WkiH  Suhiity  of  the  Penduloudy  Supported  Fly- 
iidseid  Syetein 

W T Thomgoo,  F.C.  Younger,  and  H.S.  Gordon 
a«'t  uf  Engrg  , Univ.  of  California,  Santa  Barbara, 
A A«ipi  Mw^.,  Trans  ASME,  U (2),  pp  322-328 
r « 47  71  12  figs,  2 tables,  7 refs 


Key  Words:  Whirling,  Flywheels,  Rotor-bearing  systems 

The  steady-state  whirl-spin  relationships  for  the  pendulously 
supported  flywheel  with  bearing  flexibilities,  stiff  sections  of 
shaft  and  gyroscopic  action  are  derived  and  experimentally 
verified.  Stable  and  unstable  operations  of  the  system  are 
experimentally  demonstrated,  and  damping  necessary  to 
stabilize  an  inherently  unstable  system  it  theoretically  de- 
rived for  two  modes  of  bearing  displacements. 


77-1873 

The  Coupled  Response  of  a Dynamic  Element  Riding 
on  a Continuouiiy  Supported  Beam 

A. A.  Alexandridis 

Ph.D.  Thesis,  Princeton  Univ.,  170  pp  (1977) 

UM  77-14232 

Key  Words:  Mass-spring  systems.  Mass-beam  systems.  Cou- 
pled response,  Moving  loads 

The  dynamic  interaction  between  a Linear  Induction  Motor 
primary,  modellad  at  a tpring-matt-damp>er  dynamic  element, 
and  its  secondary,  modelled  at  a prestressed,  continuoutlY 
supported,  infinitely  lung  beam,  it  analyzed  both  theoreti- 
cally and  experimentally.  The  stability  of  the  fully  coupled 
dynamic  system  it  determined  analytically  for  all  motor 
speeds  by  direct  solution  of  the  system  characteristic  equa- 
tion. The  existence  of  two  transition  speeds  it  established. 
At  the  lower  transition  speed,  the  frequency  and  damping 
ratio  of  the  coupled  system  response  attain  their  minimum 
and  maximum  values,  respectively.  The  system  it  unstable 
at  speeds  higher  than  the  second  transition  speed,  which 
is  designated  at  the  "flutter"  speed.  Experimentally  deter- 
mined values  of  the  frequency  and  damping  ratio  confirm  the 
validity  of  the  mathematical  model. 


SHIP 


77-1874 

Ship-Noise  Control  Case  History 

SN.  Sound  Vib.,  IJ.  (6),  pp  4-6  (June  1977) 

Key  Words:  Boats,  Noise  reduction 

Noise  reduction  on  two  U.S.  Navy  Weapon  Retriever  boats 
it  described.  It  was  aocpmollthsd  by  replacing  the  existing 
mufflers  and  exhaust  pip  with  eight  wet  type  4 inch  high 
performance  mufflers  and  new  exhaust  piping,  lining  the 
engine  room  bulkheads,  hatch  covert  and  interior  hull  sur- 
facss  with  sound  absorbing  material,  and  Insulating  the 
exhaust  piping  from  the  engine  manifold  to  the  exhaust 
exit  point  through  the  hull  just  above  water  line. 
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SPACECRAFT 


77-1875 

Improvement  in  Flight  Simulation  of  Space  Vehicle 
Acoustic  Tests 

C.D.  Knauer  and  A.J,  Peterson 
Hughes  Aircraft  Co.,  El  Segundo,  CA,  Inst.  Environ. 
Sci.,  Proc.  23rd  Annual  Mtg.,  Los  Angelea,  CA, 
pp  365-371  (Apr  25-27,  1977)  8 figs,  2 tables,  3 refs 

Key  Words:  Spacecraft,  Acoustic  tests.  Vibration  response 

Several  Hughes-built  communication  satellites  have  been 
subjected  to  ground  acoustic  tests  to  demonstrate  structural 
adequacy  and  to  verify  estimated  component  vibration  en- 
vironments under  flight  simulated  conditions.  Two  different 
techniques  were  used  in  a recent  acoustic  test  program.  One 
technique  utilizes  a booster  fairing  around  the  space  vehicle 
Ishroud-on)  while  the  other  uses  the  space  vehicle  alone 
(shroud-off).  In  the  diroud-on  case,  the  space  vehicle  is 
subjected  to  a measured  external  shroud  acoustic  environ- 
ment and  responds  to  an  attenuated  chamber  acoustic 
spectrum,  in  the  shroud-off  case,  an  analytically  predicted 
transfer  function  which  includes  fairing  attenuation,  dis- 
placad  cavity  volume  and  other  dynamic  effacts  is  used  in 
conjunction  with  the  shroud  external  environment  to  gener- 
ate the  applied  space  vehicle  acoustic  spectrum.  The  subject 
paper  describes  the  differences  between  and  effect  of  the 
two  test  techniques,  notes  the  improvement  in  simulation 
with  the  shroud-on  test  data  to  acoustic  testing  of  flight 
vehicles  without  shrouds. 


77-1876 

Altenutivee  to  Notched  Swept  Sine  Testing  for 
Spacecraft  and  Other  Large  Systems 

J.R.  Fowler,  R.J.  Zuziak,  D.T.  DesForges,  and 
P.R.  Schrantz 

Hughes  Aircraft  Co.,  El  Segundo,  CA,  Inst.  Environ, 
Sci.,  Proc.  23rd  Annual  Mtg.,  Los  Angeles,  CA, 
pp  351-361  (Apr  25-27,  1977)  10  figs,  2 tables 

Kay  Words:  Spacecraft,  Tasting  techniques 

The  present  test  program  evaluated  four  possible  testing 
eppoaches  for  qualifying  both  primary  and  secondary  space- 
craft structure,  using  a davalopmant  model  of  the  Intelsat 
IVA  macecraft.  The  primary  structure  test  methods  invas- 
tigatad  ware  a variation  to  the  currant  notched  tine  with  s 
wvaap  rata  of  8 oct/mln  rather  than  4 oct/mln,  and  a narrow 
band  random  dwell  at  primary  structural  rasonancas.  Two 
transient  test  methods  wars  employed  for  examining  sacon- 
dary  structural  response.  Tha  direct  transient  approach  at- 
tamptad  to  reproduce  tha  analytically  predicted  ratponse 
at  a critical  macecraft  location.  Tha  laast  favorable  raaponta 


transient  test  defined  a tima  history  whose  Fourier  spectrum 
amplitude  and  phase  were  most  critical  (laast  favorable) 
for  a selected  location.  A detailed  description  of  each  of  the 
above  test  methods  is  presented  along  with  a comparison  of 
each  method  to  both  the  current  notched  tine  approach  and 
recent  flight  data. 


77-1877 

NASTRAN  Structural  Analyaia  of  a Misaile  Fuze 
Electronic  Assembly 

D.W.  Nelly 

Harry  Diamond  Labs.,  Adelphi,  MD,  Rept.  No. 
HDL-TM-76-37,  24  pp  (Dec  1976) 

AD-A038  030/3GA 

Key  Words:  Missile  components.  Natural  frequertcies.  Mode 
shapes.  Computer  programs 

The  structure  of  the  XM818  Fuze  Electronic  Assembly  for 
application  in  the  PATRIOT  missile  was  analyzed  by  using 
the  NASTRAN  computer  program.  The  levels  and  locations 
of  maximum  stress  were  found  for  a static  loading.  The 
shapes  and  frequencies  of  the  lowest  vibration  modes  were 
alto  computed.  However,  because  of  several  limiting  assump- 
tions in  the  analysis,  the  stress  levels  for  dynamic  loads  were 
not  included.  Experiments  are  recommended  to  obtain  this 
information. 


77-1878 

Tranaent  Excitation  and  Mechanical  Admittance 
Test  Techniques  for  Prediction  of  Payload  Vibra- 
tion Environments.  Final  Report 
D.D.  Kana  and  L.M.  Vargas 

Southwest  Res.  Inst.,  San  Antonio,  TX,  Rept.  No. 
NASA-CR-2787,  39  pp  (Mar  1977)  refs 
N77-21473 

Kay  Words:  Transient  excitation.  Mechanical  admittance. 
Launch  vehicles,  Mass-baam  systems 

Transient  excitation  forces  ware  applied  saparstaly  to  simple 
baam-and-mass  launch  vehicle  and  payload  models  to  develop 
complex  edmittanca  functions  for  the  Interface  and  other 
appropriate  points  on  the  structures.  These  measured  ad- 
mittances vrera  than  analytically  combined  by  a matrix 
representation  to  obtain  a description  of  the  coupled  system 
dynamic  charactaristict.  Rasponsa  of  tha  payload  modal  to 
excitation  of  tha  launch  vahicla  modal  was  predicted  and 
compared  with  results  measured  on  tha  combined  models. 
Thata  results  are  also  compared  with  results  of  aarllar  ysork  in 
which  a similar  procedure  was  employed  except  that  steady- 
state  sinusoidal  excitstlon  techniques  wars  included. 
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TRANSMISSIONS 


77-1879 

Predictioii  of  Vibration  and  Noise  of  a Trananisaion 
Using  a Dynamic  Model  Partially  Derived  from  Test 
OaU 

M.A.  Bowes  and  A.  Berman 

Kaman  Aerospace  Corp.,  Bloomfield,  CT  06002. 
Inst.  Environ.  Sci.,  Proc.  23rd  Annual  Mtg.,  Los 
Angeles,  CA.  pp  334-338  (Apr  25-27,  1977)  6 figs, 
8 refs 

Ksy  Wordi:  Power  tramminion  lyttemt.  Helicopters,  Com- 
ponent mode  synthesis.  Mathematical  models.  Vibration 
prediction.  Noise  prediction 

A technique  of  component  eynthesit  using  discrete  frequency 
impedance  matrices  has  been  applied  to  the  prediction  of 
the  vibration  and  noise  characteristict  of  a helicopter  trana- 
mistion.  The  separate  mathematical  models  of  the  shaft  and 
gears,  the  gear  mesh  induced  forcing  functions,  and  the 
housing  radiated  sound  power  were  developed  using  purely 
analytic  methods.  The  mathematical  model  of  the  complex 
transmission  housing  was  developed  using  dynamic  shake 
test  data.  The  method  includes  the  ability  to  predict  the 
excitation  forces,  strains  and  displacements  of  the  shafts, 
housing  acceleration,'  and  the  radiated  sound  power.  The 
method  was  validated  by  comparison  of  predictions  with 
actual  measurements  taken  on  the  complete  system.  The 
method  is  especially  convenient  and  economical  for  the 
evaluation  of  the  effects  of  design  changes.  Descriptions  of 
the  methods  of  analysis  are  presented,  including  the  appli- 
cation to  an  actual  transmission,  the  housing  shake  test  and 
the  correlation  of  housing  accelerations  and  sound  power 
measurements. 
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